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(54) SANITARY EAR^ENWAR£.£RODUCTS AND PROCESS FOR PRODUCING THE SAME 



(57) Sanitary wares having a controlled surface 
are disclosed 'vvhj&N»^g^ less likely to be stained or 
soiled and/or possess excellent gloss. The first 
sanitary ware comprises a sanitary ware body and a 
surface glaze layer provided on the sanitary ware body, 
wherein the surface glaze layer has a center line 
average roughness Ra of less than 0.07 ^im. This 
sanitary ware is advantageous in that stains or soils 
are much less likely to be adhered to the surface 
thereof and, even when adhered to the surface thereof, 
can be removed by a weak water stream. The second 
sanitary ware comprises a sanitary ware body and a 
surface glaze layer provided on the sanitary ware body, 
wherein the surface glaze layer has a kurtosis Rku of 
less than 2.70. This sanitary ware advantageously 
possesses excellent surface gloss. The third sanitary 
ware comprises a sanitary ware body and a surface 
glaze layer provided on the sanitary ware body, wherein 
the surface of the surface glaze layer consists 
essentially of a vitreous component and is free from 
silica particles having a particle diameter of not less 
than 10 pm. This sanitary ware is advantageous in that 
stains or soils are less likely to be adhered to the 
surface thereof. 
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BACKGROUfetP OF THE INVgivrnDFr " 
Field of the invention 

[0001] The^^^^'nt- invention relates to sanitary wares, such as toilets, urinals, strainers for urinals, flush 
tanks for toilets or urinals, washbowls in washstands, or wash hand basins, and a process for producing the same. 

Background Art 

[0002] Good appearance and high cleanness are important for the surface of sanitary wares from the viewpoints 
of hygiene and aesthetic effect Further, retention of good appearance and high cleanness for a long period of time is 
preferred. 

[0003] In order to keep the surface of sanitary wares clean and to retain good appearance of the surface of 
sanitary wares, it is a common practice to strongly scrub the surface thereof by a scrubbing brush or a cleaning brush 
containing a detergent, such as a surfactant, an acid detergent, or an alkali detergent. Specificaily, stains or soils 
deposited on the surface of sanitary wares are removed through utilization of chemical detergency derived from the 
detergent and through utilization of physical cleaning action by scrubbing with the scmbbing brush or the cleaning 
brush. 

[0004] This cleaning work is not light and, hence, reducing the frequency of the cleaning work is desired. 
Further, in recent years, environmental pollution by surfactant-containing wastewater has been pointed out Therefore, 
reducing the amount of the surfactant used and the frequency of use of the surfactant is desired. 
[0005] Under these circumstances, several proposals have been made on sanitary wares having a surface that is 
highly hygienic and has good appearance. 

[0006] For example, coating of a fluororesin or a siloxane resin containing fluoroalkyi groups onto the surface of 
sanitary ware has been proposed to lower the surface energy, thereby permitting stains or soils to be less likely to be 
deposited onto the surface. 

[0007] Another proposal is such that the surface of sanitary ware is made smooth as much as possible to prevent 
stains or soils from being deposited and strongly adhered onto the surface thereof. In this proposal, however, the 
relationship of the surface state to the inhibition of deposition of stains or soils, fastness, and glossiness has not 
been fully studied. Specifically, the sanitary ware having a smooth surface has been proposed based on such mere 
conceptual understanding that a smooth surface would inhibit the deposition of stains or soils thereon and would be 
preferred from the viewpoint of aesthetic effect 

SUMARY OF THE INVENTION 

[0008] The present inventors have now found that control of the surface state of a glaze layer can provide 
sanitary wares that are less likely to be stained and soiled and/or possess excellent gloss. 

[0009] Accordingly, it is an object of the first aspect of the present invention to provide a sanitary ware that 
is less likely to be stained and soiled on the surface thereof and, upon deposition of stains or soils on the surface 
thereof, permits the stains or soils to be removed by a weak stream of water. 

[0010] It is an object of the second aspect of the present invention to provide a sanitary ware that possesses 
excellent surface gloss. 

[0011] It is an object of the third aspect of the present invention to provide a sanitary ware that is less likely 
to be stained and soiled. 

[0012] According to the first aspect of the present invention, there is provided a sanitary ware comprising: a 
sanitary ware body; and a surface glaze layer provided on the sanitary ware body, the surface glaze layer having a 
center line average roughness Ra of less than 0.07 pm as measured with a stylus type surface roughness tester 
according to JIS B 0651-1996. 

[0013] According to the second aspect of the present invention, there is provided a sanitary ware comprising: a 
sanitary ware body; and a surface glaze layer provided on the sanitary ware body, the surface glaze layer having a 
kurtosis Rku of less than 2.70. 

[0014] According to the third aspect of the present invention, there is provided a sanitary ware comprising: a 
sanitary ware body; and a surface glaze layer provided on the sanitary ware body, the surface of the surface glaze 
layer consisting essentially of a vitreous component and, in addition, being free from silica particles having a size of 

not less than 10 \im. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Fig. 1 is an enlarged diagram showing the state of the surface of earthenware in Comparative Example A1 as 
measured with a stylus type surface roughness tester (JIS B 0651), wherein numeral 1 designates a center line 
and numeral 2 the surface of a glaze layer; 



Fig. 2 is an enlarged diagram showing the state of the surface of earthenware in Comparative Example A2 as 
measgred.with a s|rlus ty^ surface roughness tester (JIS B 0651), wherein numeral 1 designates a center line 
and numeral 2 the surface of a glaze layer, 

Fig. 3 is an enlarged diagram showing the state of the surface of earthenware in Example A1 as measured with a 
stylus type sTTr^^STYoughness tester (JIS B 0651), wherein numeral 1 designates a center line and numeral 2 the 
surface of a glaze layer; 

Fig. 4 is an enlarged diagram showing the state of the surface of earthenware in Example A3 as measured with a 
stylus type surface roughness tester (JIS B 0651), wherein numeral 1 designates a center line and numeral 2 the 
surface of a glaze layer; 

Fig. 5 is an enlarged diagram showing the state of the surface of earthenware In Example A6 as measured with a 
stylus type surface roughness tester (JIS B 0651), wherein numeral 1 designates a center line and numeral 2 the 
surface of a glaze layer; 

Fig. 6 is an enlarged diagram showing the state of the surface of earthenware in Example A7 as measured with a 
stylus type surface roughness tester (JIS B 0651), wherein numeral 1 designates a center line and numeral 2 the 

surface of a glaze layer; 

Fig. 7 is a reflection electron photomicrograph of the surface of earthenware in Comparative Example A1 obsen/ed 
under a scanning electron microscope, wherein (a) shows an concave-convex image of the surface and (b) an 
image on the composition of the surface; 

Fig. 8 is a reflection electron photomicrograph of the surface of earthenware in Example A1 observed under a 
scanning electron microscope, wherein (a) shows an concave-convex image of the surface and (b) an image on 
the composition of the surface; 

Fig. 9 is a diagram showing the state of the surface of earthenware in Comparative Exannple A1 obtained by 
observation under an atomic force microscope; 

Fig. 10 is a diagram showing the state of the surface of earthenware in Comparative Example A2 obtained by 
observation under an atomic force microscope; 

Fig. 11 is a diagram showing the state of the surface of earthenware in Example A1 obtained by observation under 
an atomic force microscope; 

Fig. 12 is a diagram showing the state of the surface of earthenware in Example A2 obtained by observation under 

an atomic force microscope; 

Fig. 13 is a diagram showing the state of the surface of earthenware in Example A3 obtained by observation under 
an atomic force microscope; 

Fig. 14 is a diagram showing the state of the surface of earthenware in Example A5 obtained by observation under 
an atomic force microscope; 

Fig. 15 is a graph showing the relationship between kurtosis Rku and glossiness Gs (60**) in Example B and 

Comparative Example B; 

Fig. 16 is a reflection electron image of the glaze surface before an alkali resistance test in Comparative Example 
C2 observed under a scanning electron microscope; 

Fig. 17 is a reflection electron image of the glaze surface after an alkali resistance test in Comparative Example 
C2 observed under a scanning electron microscope; 

Fig. 18 is a reflection electron Image of the glaze surface before an alkali resistance test in Example C2 obsen/ed 

under a scanning electron microscope; 

Fig. 19 is a reflection electron image of the glaze surface after an alkali resistance test in Example C2 observed 
under a scanning electron microscope; 

Fig. 20 is a reflection electron image of the glaze surface before an alkali resistance test in Comparative Example 
D1 observed under a scanning electron microscope; 

Fig. 21 is a reflection electron image of the glaze surface after an alkali resistance test in Comparative Example 



D1 observed under a scanning electron microscope; 



Fig. 22 is_| reflectif n elect ro n i ma ge of the glaze surface before an alkali resistance test in Example D1 observed 

under a scanning electron microscope; 

Fig. 23 is a re^[ection electron image of the glaze surface after an alkali resistance test in Example 01 observed 
under a scarff^lng'^lifeetron microscope; and 

Fig. 24 is a schematic diagram showing a stylus type surface roughness tester according to JIS B 0651-1996. 



DETAILED DESCRIPTION OF THE INVENTION 
Definition 

[0016] The term "sanitary ware" used herein refer to earthenware products used in or around lavatories and 
washrooms, and specific examples thereof include toilets, urinals, strainers for urinals, flush tanks for toilets or 
urinals, washbowls in washstands, and wash hand basins. 
f5 [0017] The term "earthenware" used herein refers to a ceramic ware the body of which has been densified to 
such an extent that the body has slight water absorption, the ceramic ware having a glazed surface. 
[0018] The particle diameter obtained by particle size distribution measurement according to laser diffractometry, 
for example "50% particle diameter," refers to a particle diameter when the accumulated number of fine particles 
counted from the finer particle side in measured data on particle size distribution measured by laser diffractometry has 
reached 50% of the particles. In the following description, the particle diameter referred to together with the "50% 
particle diameter" or "particle diameter of 050" means "50% particle diameter" obtained by particle size distribution 
measurement according to laser diffractometry. 

Sanitary ware according to first aspect of the invention 

2g [0019] The sanitary ware according to the first aspect of the present invention comprises: a sanitary ware body; 
and a surface glaze layer provided on the sanitary ware body, the surface glaze layer having a center line average 
roughness Ra of less than 0.07 pm. According to a preferred embodiment of the present invention, the center line 
average roughness Ra is preferably not more than 0.068 pm, more preferably not more than 0.05 ^m, most preferably 
not more than 0.03 \im. So far as the present inventors know, no product having a surface roughness controlled to the 
above range has hitherto been proposed in sanitary ware fields, and the surface roughness Ra of commercially 

3Q available products is about 0.1 |jm at best. 

[0020] According to the sanitary ware of the present invention, urinary claculi, mold, materials, which render the 
surface of the sanitary ware yelowish, and other stains or soils are less likely to be deposited on the surface thereof, 
and, even when deposited on the surface, can be removed by a weak stream of water. As a result, the surface of the 
sanitary ware can be kept clean for a long period of time without frequent water flushing. It has been known that stains 
or soils are less likely to be deposited on a smooth surface. The effect of the present invention is surprisingly much 

35 better than that expected from the conventional finding. For example, as is apparent from wori<ing examples described 
below, according to the sanitary ware of the present invention, smears of a marking ink (Magic™ ink), upon contact 
with water, are floated on water, and can be removed by running water. This is true of a salad oil. Further, scale and 
urinary calculi are much less likely to be deposited, and, even when deposited on the surface of the sanitary ware, can 
be easily removed. The high level of inhibition of the deposition of stains or soils on the surface of the sanitary ware 
and the high removability of stains and soils are utterly unexpected and anticipated from the conventional finding. The 

^ above effect is significant when the center line average roughness is in the above range. When the center line average 
roughness is outside the above range, the effect is significantly lost That is, the above center line average roughness 
range is critical for attaining the above significant effect. 

[0021] Although the reason why the effect of the present invention can be attained has not been fully elucidated 
yet, it is believed as follows. The area of contact between stains or soils and the surface is considered to decrease 
with increasing the smoothness of the surface. Consequently, the adhesion between the surface and the stains or soils 
is considered to decrease with increasing the smoothness of the surface. In this case, when the stains or soils are 
surrounded by water, a smoother surface having a lower adhesion to the stains or soils permits stains or soils to be 
more easily floated on and removed by water, because buoyancy acting on the stains or soils is proportional to the 
size of the stains or soil. This way of thinking is an extension of the conventional finding, and is unsatisfactory for 
explaining the criticality of the center line average roughness range for attaining the effect of the present invention. 
50 In the present invention, it is estimated that, when the level of the smoothness (center line average roughness) is in 
the above range, a great change occurs in interaction between the stains or soils and the glaze surface. This, 
however, is mere estimation, and the present invention is not limited to this way of thinking. 

[0022] The "center line average roughness or roughness average Ra" means the value obtained by the following 
formula and expressed in micrometer ( m) when sampling only the reference lengtti from the roughness curve in the 
direction of mean line, taking X-axis in the direction of mean line and Y-axis in the direction of longitudinal 
^ magnification of this sampled part and the roughness curve is expressed by Y = f(x): 



10 



15 



20 



25 



wherein represents reference length. 

[0023] in X^e present invention, the center line average roughness Ra is in accordance with the definition and 
designation speSffteS^'JlS B 0601-1994 and measured with a stylus type surface roughness tester according to JIS 6 
0651-1996. These JIS, together with English translation thereof, are easily available from Japanese Standards 
Association (1-24, Akasaka 4-chorne, Minato-ku, Tokyo, Japan). 

[0024] The roughness tester is schennatically shown In Fig. 24. In the drawing, a detector 11 comprises a stylus 

12 and a skid 13. The detector 11 detects displacement in the vertical direction, while it is traveled on the surface of 

a sample 14 put on a fixing jig 15 by means of feeding device 16. This displacement is passed through a magnifying 

device (not shown), and displayed on an indicator or a recorder to obtain a surface roughness curve. 

[0025] The present inventors have found that a preferred fomiulation and a more preferred formulation of the 

glaze are as follows, although the effect of the present invention does not greatly depend upon the composition of the 

glaze. 

Formulation, wt% 
[0026] 



30 



Preferred range 


More preferred range 


SiOj: 55 to 80 


60 to 80 


AljOgiStoia 


5 to 10 


FejOg! 0.1 to 0.4 


0.1 to 0.4 


MgO: 0.8 to 3.0 


0.8 to 3.0 


CaO: 8to 17 


8 to 15 


ZnO: 3 to 8 


4 to 8 


K2O: 1 to 4 


1 to 4 


NajO: 0.5 to 2.5 


0.5 to 2.5 


ZrOj: 0.1 to 15 


0.1 to 15 


Pigment 1 to 20 


1 to 20 
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[0027] According to a preferred embodiment of the present invention, an additional function can be imparted to 
the glaze layer by adding additives, other than the glaze, to the glaze layer. In this case, additives, which may be 
preferably added to the glaze, are such that they are reacted with the glaze or the atmosphere within the kiln during 
firing to form a compound. For example, antimicrobial effect can be provided, for example, by the addition of 
antimicrobial metals, such as silver, copper, zinc, or compounds and solid solutions thereof, and photocatalysts, such 
as titanium oxide, zinc oxide, tin oxide, ferric oxide, tungsten trioxide, strontium titanate, and dibismuth trioxide. 
Further, the presence of the photocatalyst can also offer photoreduction effect that can promote hydrophiiification. 
[0028] According to the present Invention, the thickness of the surface glaze layer nnay be properly determined. 
For example, the thickness is generally about 0.1 to 3 mm. preferably about 0.2 to 2 mm. more preferably 0.3 to 1.2 
mm. 

[0029] According to a preferred embodiment of the present invention, the surface glaze layer is absent on a part 
of the surface of the sanitary ware according to the present invention. The sanitary ware according to the present 
invention is preferably produced by a production process described below. In this case, gases evolved during firing are 
released through portions not provided with the glaze layer. This can effectively prevent gases from being introduced 
Into and stayed In the glaze layer, and hence can effectively prevent the occurrence of poor appearance. This 
embodiment is particularly advantageous when firing is carried out at a time after coating of a glaze material onto the 
sanitary ware body. 

[0030] According to another embodiment of the present invention, a glaze layer is provided between the sanitary 
ware body and the surface glaze layer. In this case, the glaze layer may have a multi-layer structure so far as the 
surface of the surface glaze layer as the outermost layer has Ra falling within the above defined range. More 
specifically, according to a prefen-ed embodiment of the present invention, a color glaze layer is provided between the 
sanitary ware body and the surface glaze layer, and the surface glaze layer is transparent. According to this 
embodiment, the thickness of the surface glaze layer may be reduced, and even when the surface glaze layer has 
become very soft during firing, it is possible to effectively prevent such an unfavorable phenomenon that gases enter 
and are stayed in the glaze layer and consequently create poor appearance. Further, when zinc is contained as the 



glaze component, the zinc component is vaporized during firing, and deposited as zinc flowers within a kiln, resulting 
in contamination of the firing kiln. When the surface glaze layer is provided, however, zinc vaporized in the glaze 
layer as.the mtermediate layer.cannoLbe introduced into the atmosphere within the kiln without passage through the 
surface glazeiayer. "merefbre, when the glaze layer is formed so as to have a two-layer structure with the total 
thickness of the two layers being equal to the thickness of the glaze layer formed in a single layer stnjcture, the 
contamination , of the kiln with zinc flowers can be more fully inhibited as compared with the provision of the glaze 
layer in a sin^sJay»i;,structure, that is, the provision of the surface glaze layer alone as the glaze layer. Further, 
zinc is concentrated on tfie surface so that the concentration of zinc in the composition is gradually increased toward 
the surface, leading to an advantage that the antimicrobial activity is exhibited for a long period of time. Also 
according to this embodiment, as described above, preferably, the glaze layer is absent on a part of the sanitary 
ware. 

[0031] According to another preferred embodiment of the present invention, the contact angle of the surface 
glaze layer in the sanitary ware of the present invention with water is preferably less than 30°. more preferably not 
more than 25', most preferably not more than 20*. In this case, by virtue of the hydrophllic nature of the surface glaze 
layer, stains and soils are less likely to be deposited, and, even when deposited on the surface thereof, can be easily 
removed. Thus, the effect of the present invention can be attained on a higher level. 

[0032] As described above, the sanitary ware according to the present invention is specifically in the form of 
toilets, urinals, strainers for urinals and the like. In the toilets and urinals, the deposition of materials, which 
render the surface thereof yellowish, and the like onto the bowl portion or the trap portion can be effectively prevented, 
and, even thoujgh these material are once deposited, they can be easily removed. Further, the sanitary ware according 
to the present invention may be in the form of washbowls in washstands. In washbowls, the deposition of soap soils, 
scale soils and the like can be effectively prevented, and, even though these soils are once deposited, they can be 
easily removed. 

[0033] According to a preferred embodiment of the present Invention, the sanitary ware of the present invention 
can be produced by providing any one of the following glaze materials for a surface glaze layer, applying the glaze 
material on a sanitary ware body, and firing the sanitary ware body with the glaze material applied thereon: 

(1) a glaze material having a 50% particle diameter (D50) of 1.5 |jm as determined by particle size distribution 
measurement according to laser diffractometry; 

(2) an amorphous glaze material such as a vitrified frit glaze material; and 

(3) a mixed glaze comprised of an anx>rphous glaze material such as a vitrified frit glaze material and a non-frit 
glaze material. 

[0034] The sanitary ware body may be any conventional sanitary ware body which Is prepared, for example, by 
properiy shaping a slurry for a sanitary ware body obtained using quartz sand, feldspar, clay and the like as raw 
materials. 

[0035] The glaze material (1) may be provided by grinding the glaze material powder by means of a ball mill or 
the like. Use of the ground glaze material can provide a sanitary ware having a smooth surface according to the 
present Invention. 

[0036] The amorphous glaze material such as the vitrified frit glaze material (2) may be obtained by melting a 
glaze material powder at a high temperature of ISOCC or above. Use of the previously vitrified glaze material can 
provide a sanitary ware having a smooth surface according to the present Invention. 

[0037] The glaze material (3) Is a mixture of an amorphous glaze material such as a vitrified frit glaze material 
with a non-frit glaze material. The amorphous glaze material may be obtained in the same manner as described above 
in connection with the glaze material (2). 

[0038] The particle diameter of the non-frit glaze material powder is not particulariy limited. However, the 
smaller the particle diameter of the non-frit glaze material, the better the results. More specifically, the 50% 
particle diameter of the non-frit glaze material is preferably not nrore than 6 pm, more preferably not more than 4 pm, 
particularly preferably not more than 1.5 pm. 

[0039] According to a preferred embodiment of the present invention, in the glaze material (3), at least silica 
particles In the glaze material powder have been subjected to size reduction to a 50% particle diameter of not more 
than 6 pm, more preferably not nnore than 4 pm. According to this embodiment, the amount of silica particles 
remaining unreacted on the surface after firing can be reduced. The present Inventors have found that, when the 
sanitary ware is a toilet or a urinal which is used in an environment exposed to an alkali solution (an ammonia- 
containing solution), portions around the silica particles are preferentially deteriorated, resulting in lowered 
smoothness of the surface. More specifically, silica particles or zircon particles left on the glaze surface after 
firing constitute irregularities on the surtace. It was found that sites around the silica particles or zircon particles 
constituting the irregularities are preferentially deteriorated In a very short period of about two months under an 
alkaline environment. The creation of Irreguralltles can be effectively prevented by controlling the diameter of the 
silica particles. This can offer an advantage that the alkali resistance of the surface glaze layer is significantly 
Improved. 

[0040] According to a preferred embodiment of the present Invention, in the glaze material (3), when the non-frit 



glaze material has not been satisfactorily subjected to size reduction, for example, has a 50% particle diameter of 
about 6 m, the content of the amorphous glaze material such as the frit glaze material in the mixed glaze is preferably 
not more than 50% by weight^rnoffi-pieferably not more than 30% by weight This can prevent gases evolved during 
firing from befHg stayef in the glaze-layer and hence can prevent the occurrence of poor appearance. 
[0041] In some cases, preferably, the frit glaze material has a softening temperature above that of the non-frit 
glaze material, powder. This also can prevent gases evolved during firing from being stayed in the glaze layer and 
hence can preve«Cth«NOQcurrence of poor appearance. 

[0042] The glaze material may be applied to the sanitary ware body by any method without particular limitation, 
and a conventional method may be properiy selected from spray coating, dip coating, spin coating, roll coating and the 

like. 

[0043] The sanitary ware body with the precursor layer for a surface glaze layer being formed thereon is then 
fired. The firing temperature may vary depending upon whether or not the sanitary ware body has been previously 

10 sintered. When the ware body has not been previously sintered, firing is preferably earned out at a temperature of 
1000*C or above which causes sintering of the ware body and softening of the glaze. On the other hand, when the 
ware body has been previously sintered, firing is preferably canied out at a temperature of SOOX or above, more 
preferably 400''C or above, which can soften the glaze. The fomner method, that is, a method wherein, after a glaze 
material is coated onto the unsintered ware body, firing is carried out at a time, is preferred from the viewpoint of 
the production cost of the sanitary ware. 

IS [0044] On the other hand, the latter method is advantageous in that the formation of a surface glaze layer on the 
completed sanitary ware can impart a new function. 

[0045] The sanitary ware comprising an additional glaze layer between the sanitary ware body and the surface 
glaze layer may be produced in the same manner as described above, except that the step of forming a precursor 
layer for the glaze layer as the intermediate layer is added. Specifically, this sanitary ware may be produced in the 
same manner as described above, except that a precursor layer for the glaze layer as the intemnediate layer, for 
example, a precursor for a color glaze layer is formed and a precursor for the surface glaze layer is formed thereon 
from any one of the glaze materials (1 ) to (3). 

[0046] In this case, the thickness of the surface glaze layer is generally 0.05 to 1.2 mm, preferably 0.1 to 0.8 
mm, more preferably 0.15 to 0.4 mm. The thickness of the color glaze layer is generally 0.05 to 1.8 mm, preferably 0.1 
to 1.2 mm, more preferably 0.2 to 0.7 mm. 
25 [0047] According to a preferred embodiment of the present invention, when the color glaze layer is formed 
between the sanitary ware body and the surface glaze layer, the D50 of the glaze material capable of forming the color 
glaze layer is preferably not less than 4 |jm. A combination of the use of the color glaze material having such a 
particle diameter with the use of any one of the glaze materials (1) to (3) can prevent gases evolved during firing from 
being stayed in the glaze layer and hence can prevent the occun-ence of poor appearance. 

[0048] Further, according to a preferred embodiment of the first aspect of the present invention, when the color 
glaze layer is formed between the sanitary ware body and the surface glaze layer, the use of the mixed glaze (3) is 
preferred. More preferably, the mixed glaze (3) used is such that the non-frit glaze material has been subjected to size 
reduction to a 50% particle diameter of not more than 6 pm and is free from a pigment and/or an emulsifier 
{specifically ZrOj). In this case. 50 to 99% by weight, preferably 60 to 95% by weight, of the mixed glaze is accounted 
for by the frit glaze material. Most preferably, the ratio of the non-frit glaze material to the frit glaze material is 
35 30 : 70 to 10 : 90. In this case, the firing temperature is preferably 800 to ISOO'C. In summary, the preferred 
production process comprises the steps of: applying a color glaze material with a pigment and an emulsifier added 
thereto onto a sanitary ware body; further applying a mixed glaze, prepared by mixing a transparent non-fi^it glaze 
material containing neither a pigment nor an emulsifier with 50 to 99% by weight, preferably 60 to 90% by weight of a 
frit glaze; and then conducting firing at a temperature of 800 to 1300°C. 

40 Sanitar y ware according to second as pect of the invention 

[0049] The sanitary ware according to the second aspect of the present invention comprises: a sanitary ware 
body; and a surface glaze layer provided on the sanitary ware body, the surface glaze layer having a kurtosis Rku of 
less than 2.70, preferably not more than 2.6, more preferably not more than 2.50. 

[0050] The sanitary ware according to the second aspect of the present invention has excellent surface gloss. 
^5 [0051] According to the present invention, the kurtosis Rku is defined as follows. Specifically, the kurtosis Rku 
is determined from Y = f{x) in the roughness curve explained above in connection with the first embodiment by the 
following equation: 




[0052] The kurtosis Rku is a parameter for quantitatively expressing the acuteness of an amplitude distribution 
cun^e and can be determined by the following equation: 
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[0053] with the sanitary ware according to the first aspect of the present invention, the sanitary ware 

according to thsSe^Stmd^aspect of the present invention may be in the form of toilets, urinals, strainers for urinals, 
washbowls in washstands and the like. In the sanitary ware according to the second aspect of the present invention, 
the composition of the glaze layer, the thickness thereof, other preferred embodiments and the production process 
thereof, may be the same as described above in connection with the first aspect of the present invention. 
[0054] The present inventors have found that a preferred formulation and a more preferred formulation of the 
glaze are as follows, although the effect of the present invention does not greatly depend upon the composition of the 
glaze. 

Formulation. wt% 
[0055] 



Preferred range 


More preferred range 


SiOj: 55 to 80 


60 to 80 


AI2O3: 5 to 13 


5 to 10 


FePa! 0.1 to 0.4 


0.1 to 0.4 


MgO: 0.8 to 3.0 


0.8 to 3.0 


CaO:8to17 


8 to 15 


ZnO: 3 to 8 


4 to 8 


KjO: 1 to 4 


1 to 4 


Nap: 0.5 to 2.5 


0.5 to 2.5 


ZrO^: 0.1 to 15 


0.1 to 15 


Pigment: 1 to 20 


1 to 20 
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[0056] According to a preferred embodiment of the present inventbn, an additional function can be imparted to 
the glaze layer by adding additives, other than the glaze, to the glaze layer. In this case, additives, which may be 
preferably added to the glaze, are such that they are reacted with the glaze or the atmosphere within the kiln during 
firing to form a compound. For example, antimicrobial effect can be provided, for example, by the addition of 
antimicrobial metals, such as silver, copper, zinc, or compounds and solid solutions thereof, and photocatalysts, such 
as titanium oxide, zinc oxide, tin oxide, ferric oxide, tungsten trioxide, strontium titanate, and dibismuth trioxide. 
Further, the presence of the photocatalyst can also offer photoreduction effect that can promote hydrophilification. 
[0057] According to the present invention, the tiiickness of the surface glaze layer may be property detemnined. 
For example, the thickness is generally about 0.1 to 3 mm, preferably about 0.2 to 2 mm, nnore preferably 0.3 to 1.2 
mm. 

[0058] According to a preferred embodiment of the present invention, the surface glaze layer is absent on a part 
of the surface of the sanitary ware according to the present invention. The sanitary ware according to the present 
invention is preferably produced by a production process described below. In this case, gases evolved during firing are 
released through portions not provided with the glaze layer. This can effectively prevent gases from being introduced 
into and stayed in the glaze layer, and hence can effectively prevent the occurrence of poor appearance. This 
embodiment is particulariy advantageous when firing is carried out at a time after coating of a glaze material onto the 
sanitary ware body. 

[0059] According to another embodiment of the present invention, a glaze layer is provided between the sanitary 
ware body and the surface glaze layer. In this case, the glaze layer may have a multi-layer structure so far as the 
surface of the surface glaze layer as the outennost layer has Rku falling within the above defined range. More 
specifically, according to a preferred embodiment of the present invention, a color glaze layer is provided between the 
sanitary ware body and the surface glaze layer, and the surface glaze layer is transparent. According to this 
embodiment the thickness of the surface glaze layer may be reduced, and even when the surface glaze layer has 
become very soft during firing, it is possible to effectively prevent such an unfavorable phenomenon that gases enter 
and are stayed in the glaze layer and consequently create poor appearance. Further, when zinc is contained as the 
glaze component, the zinc component is vaporized during firing, and deposited as zinc fk>wers within a kiln, resulting 
in contamination of the firing kiln. When the surface glaze layer is provided, however, zinc vaporized in the glaze 
layer as the intermediate layer cannot be introduced into the atmosphere within the kiln without passage through the 



surface glaze layer -Therefbre, when the glaze layer is formed so as to have a two-layer structure with the total 
thickness of the two layers being equal to the thickness of the glaze layer formed in a single layer structure, the 
contamination, of the Ign with^zioc-flowers can be more fully inhibited as compared with the provision of the glaze 
layer in a sirfgie layer structure, that is, the provision of the surface glaze layer alone as the glaze layer. Further, 
zinc is concentrated on the surface so that the concentration of zinc in the composition is gradually increased toward 
the surface, . leading to an advantage that the antimicrobial activity is exhibited for a long period of time. Also 
according to tf^ifik-erabodiment, as described above, preferably, the glaze layer is absent on a part of the sanitary 
5 ware. ' 

[0060] In this case, the thickness of the surface glaze layer is generally 0.05 to 1.2 mm, preferably 0.1 to 0.8 
mm, more preferably 0.15 to 0.4 mm. The thickness of the color glaze layer is generally 0.05 to 1.8 mm, preferably 0.1 
to 1.2 mm, more preferably 0,2 to 0.7 mm. 

[0061] According to a preferred embodiment of the present invention, the sanitary ware of the present invention 
can be produced by providing any one of the following glaze materials for a surface glaze layer, applying the glaze 
material on a sanitary ware body, and firing the sanitary ware body with the glaze material applied thereon: 

(1) a glaze material having a 50% particle diameter (D50) of 1.5 |jm as determined by particle size distribution 
measurement according to laser diffractometry; 

^5 (2) an amorphous glaze material such as a vitrified frit glaze material; and 

(3) a mixed glaze comprised of an amorphous glaze materia such as a vitrified frit glaze material and a non-frit 
glaze material. 

20 [0062] The sanitary ware body may be any conventional sanitary ware body which is prepared, for example, by 
property shaping a slurry for a sanitary ware body obtained using quartz sand, feldspar, clay and the like as raw 
materials. 

[0063] The glaze material (1) may be provided by grinding the glaze material powder by means of a ball mill or 
the like. Use of the ground glaze material can provide a sanitary ware having a smooth surface according to the 
2g present invention. 

[0064] The amorphous glaze material such as the vitrified frit glaze material (2) may be obtained by melting a 
glaze material powder at a high temperature of 1300°C or above. Use of the previously vitrified glaze material can 
provide a sanitary ware having a smooth surface according to the present invention. 

[0065] The glaze material (3) is a mixture of an amorphous glaze material such as a vitrified frit glaze material 
with a non-frit glaze material. The amorphous glaze material may be obtained in the same manner as described above 

30 in connection with the glaze material (2). 

[0066] The particle diameter of the non-frit glaze material powder is not particulariy limited. However, the 
snraller the particle diameter of the non-frit glaze material, the better the results. More specifically, the 50% 
particle diameter of the non-frit glaze nnaterial is preferably not more than 6 pm, more preferably not more than 4 pm, 
particularly preferably not more than 1.5 pm. 

35 [0067] According to a preferred embodiment of the present invention, in the glaze material (3), among the 
components constituting the glaze material powder, components, which remain as crystal grains at least after firing, 
have been subjected to size reduction to a 50% particle diameter of not more than 6 pm, more preferably not more 
than 4 pm. In this case, components, which remain as crystal grains at least after firing, among the components 
constituting the glaze material powder include particles of pigments, such as zircon, and silica (quartz) particles. The 
zircon particles remaining on the glaze surface after firing form dendrifonm covexes, and the silica particles remaining 

4Q on the glaze surface after firing forms concaves. In this case, at the firing temperature (800 to 1300°C), the zircon 
particles remain without dissolution as a solid solution in the vitreous component in the glaze. On the other hand, the 
silica particles are dissolved in the vitreous component in the glaze from the surface of the particles to form a solid 
solution . In this case, when the particles are coarse, the dissolution in the vitreous component to form a solid 
solution is unsatisfactory, and the partcles remain without dissolution. Therefore, for particles of both the zircon 
and the silica, a smaller diameter of the particles can provide better results, because the irregularities are reduced. 

45 [0068] Further, for the silica particles, fine particles of silica are preferred because they can contribute to 
improved alkali resistance and, during use for a long period of time, are less likely to cause an increase in surface 
roughness. 

[0069] According to a preferred embodiment of the present invention, in the glaze material (3), when the non-fit 
glaze material has not been satisfactorily subjected to size reduction, for example, has a 50% particle diameter of 
about 6 pm, the content of the frit glaze nnaterial in the mixed glaze is preferably not more than 50% by weight, more 
preferably not more than 30% by weight This can prevent gases evolved during firing from being stayed in the glaze 
layer and hence can prevent the occun-ence of poor appearance. 

[0070] In some cases, preferably, the amorphous glaze material such as the frit glaze material has a softening 
temperature above that of the non-frit glaze material powder. This also can prevent gases evolved during firing from 
being stayed in the glaze layer and hence can prevent the occurrence of poor appearance. 
55 [0071] The glaze material may be applied to the sanitary ware body by any method without particular limitation, 
and a conventional method may be properiy selected from spray coating, dip coating, spin coating, roil coating and the 



■a 



like. 

[0072] The sanitary ware body with the precursor layer for a surface glaze layer being formed thereon is then 
fired. Thjs figng temp^ture jpayjuacy-depending upon whether or not the sanitary ware body has been previously 
sintered. When the ware body has- not been previously sintered, firing is preferably carried out at a temperature of 
lOOCC or above which causes sintering of the ware body and softening of the glaze. On the other hand, when the 
ware body has been previously sintered, firing is preferably canied out at a temperature of aOCC or above, more 
preferably 400*U.<jr«iiove, which can soften the glaze. The former method, that is, a method wherein, after a glaze 
* material is coated onto the unsintered ware body, firing is carried out at a time, is prefen-ed from the viewpoint of 
the production cost of the sanitary ware. 

[0073] On the other hand, the latter method is advantageous in that the fomiation of a surface glaze layer on the 
completed sanitary ware can impart a new function. 

[0074] The sanitary ware comprising an additional glaze layer between the sanitary ware body and the surface 
10 glaze layer may be produced in the same manner as described above, except that the step of forming a precursor 
layer for the glaze layer as the intermediate layer is added. Specifically, this sanitary ware may be produced in the 
same manner as described above, except that a precursor layer for the glaze layer as the intennediate layer, for 
example, a precursor for a color glaze layer is formed and a precursor for the surface glaze layer is fomned thereon 
from any one of the glaze materials (1 ) to (3). 

[0075] According to a prefen^ed embodiment of the present invention, when the color glaze layer is formed 
^5 between the sanitary ware body and the surface glaze layer, the D50 of the glaze material capable of forming the color 
glaze layer is preferably not less than 4 pm. A combination of the use of the color glaze material having such a 
particle diameter with the use of any one of the glaze materials (1) to (3) can prevent gases evolved during firing from 
being stayed in the glaze layer and hence can prevent the occun'ence of poor appearance. 

2^ Sanitary ware according to the third aspect of the invention 

[0076] The sanitary ware according to the third aspect of the present invention comprises: a sanitary ware body; 
and a surface glaze layer provided on the sanitary ware body, the surface of the surface glaze layer consisting 
essentially of a vitreous component and, in addition, being free from silica particles having a particle diameter of not 
less than 10 pm. 

25 [0077] The sanitary ware according to the third aspect of the present invention possesses excellent alkali 
resistance, and, by virtue of the excellent alkali resistance, can effectively prevent deposition of stains or soils on 
the surface thereof and propagation of bacteria for a long period of time. 

[0078] The present inventors have experimentally confirmed the following facts. The surface of the sanitary ware 
has hitherto been recognized as having a smooth surface as a result of satisfactory vitrification. Unlike this 
recognition, however, silica particles have renr^ined on the surface of the sanitary ware without satisfactory 
30 vitritication. Further, it has been found that, after firing, these silica particles, together with the vitreous phase 
around the silica particles, create residual stress and application of some external force is likely to create cracking. 
Use of the sanitary ware having cracks under an environment of aqueous ammonia or under an environment of soapy 
water have increased cracks and caused dropouts of silica particles due to a dissolution reaction of the vitreous phase 
under the alkaline environment. It has been confirmed that the resultant cracks and the concaves formed by the 
dropouts of silica particles serve as hotbeds of bacteria or deposition sites of stains or soils and accelerate soiling of 
the sanitary ware and the washbowl. More specifically, toilets or urinals are always used in such an environment as will 
be exposed to urine. Urine Is decomposed to ammonia through the action of urease, an enzyme possessed by 
bacteria present in toilet or urinal bowls. That is, the toilets and the urinals are always exposed to an ammoniacal 
alkaline environment and are used in such an environment as will cause expansion of cracks, created around silica 
particles, or dropouts of silica particles. On the other hand, the washbowls are used in such an environment that 
alkaline soapy water is splashed. This results in expansion of cracks, created around silica partk:les, or dropouts of 
silica particles. 

[0079] The present inventors have now found that staining or soiling caused through the above mechanism which 
is the problem involved in the use of the sanitary ware under an alkaline environment can be satisfactorily prevented 
by controlling the surface of the surface glaze layer in such a manner that the surface consists essentially of a 
vitreous component and is free from silica particles having a diameter of not less than 10 |jm. 
45 [0080] According to a preferred embodiment of the present invention, the whole surface glaze layer consists 
essentially of a vitreous component and is free from silica particles having a diameter of not less than 10 pm. 
[0081] As with the sanitary ware according to the first aspect of the present invention, the sanitary ware 
according to the third aspect of the present invention may be In the form of toilets, urinals, strainers for urinals, 
washbowls in washstands and the like. 

[0082] The present inventors have found that a prefen-ed formulation and a more preferred formulation of the 
glaze are as follows, although the effect of the present invention does not greatly depend upon the composition of the 

glaze. 

Formulation. wt% 
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Preferred range 


More preferred range 


Si02: 55 to 80 


60 to 80 


'AljOjiStoia 


5 to 10 


FejOj; 0.1 to 0.4 


0.1 to 0.4 


MgO: 0.8 to 3.0 


0.8 to 3.0 


CaO:8to17 


8 to 15 


ZnO: 3 to 8 


4 to 8 


KjO: 1 to 4 


1 to 4 


Nap: 0.5 to 2.5 


0.5 to 2.5 


ZrO^: 0.1 to 15 


0.1 to 15 


Pigment: 1 to 20 


1 to 20 
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[0084] According to a preferred ennbodiment of the present invention, an additional function can be imparted to 
the glaze layer by adding additives, other than the glaze, to the glaze layer. In this case, additives, which may be 
preferably added to the glaze, are such that they are reacted with the glaze or the atmosphere within the kiln during 
firing to form a compound. For example, antimicrobial effect can be provided, for example, by the addition of 
antimicrobial metals, such as silver, copper, zinc, or compounds and solid solutions thereof, and photocatalysts, such 
as titanium oxide, zinc oxide, tin oxide, feme oxide, tungsten trioxide, strontium titanate. and dibismuth trioxide. 
Further, the presence of the photocatalyst can also offer photoreduction effect that can promote hydrophilification. 
[0085] According to the present invention, the thickness of the surface glaze layer may be properly determined. 
For example, the thickness is generally about 0.1 to 3 mm, preferably about 0.2 to 2 mm, more preferably 0.3 to 1.2 
mm. 

[0086] According to a preferred embodiment of the present invention, the surface glaze layer is absent on a part 
of the surface of the sanitary ware according to the present invention. The sanitary ware according to the present 
invention is preferably produced by a production process described below. In this case, gases evolved during firing are 
released through portions not provided with the glaze layer. This can effectively prevent gases from being introduced 
into and stayed in the glaze layer, and hence can effectively prevent the occurrence of poor appearance. This 
embodinnent is particularly advantageous when firing is carried out at a time after coating of a glaze material onto the 
sanitary ware body. 

[0087] According to another embodiment of the present invention, a glaze layer is provided between the sanitary 
ware body and the surfiace glaze layer. In this case, the glaze layer may have a multi-layer structure so far as the 
sur^ce of the surface glaze layer as the outemnost layer is free from silica particles having a particle diameter of 
not less than 10 pm. More specifically, according to a preferred embodiment of the present invention, a color glaze 
layer is provided between the sanitary ware body and the surfiace glaze layer, and the surfiace glaze layer is 
transparent. According to this embodiment, the thickness of the surface glaze layer may be reduced, and even when 
the surface glaze layer has become very soft during firing, it is possible to effectively prevent such an unfavorable 
phenomenon that gases enter and are stayed in the glaze layer and consequently create poor appearance. Further, 
when zinc is contained as the glaze component, the zinc component is vaporized during firing, and deposited as zinc 
flowers within a kiln, resulting in contamination of the firing kiln. When the surface glaze layer is provided, however, 
zinc vaporized in the glaze layer as the intermediate layer cannot be introduced into the atmosphere within the kiln 
without passage through the surface glaze layer. Therefore, when the glaze layer is fonmed so as to have a two-layer 
structure with the total thickness of the two layers being equal to the thickness of the glaze layer formed in a single 
layer structure, the contamination of the kiln with zinc flowers can be more fully inhibited as compared with the 
provision of the glaze layer in a single layer structure, that is, the provision of the surface glaze layer alone as the 
glaze layer. Further, zinc is concentrated on the surface so that the concentration of zinc in the composition is 
gradually increased toward the surface, leading to an advantage that the antimicrobial activity is exhibited for a long 
period of time. Also according to this embodiment, as described above, preferably, the glaze layer is absent on a part 
of the sanitary ware. 

[0088] In this case, the thickness of the surface glaze layer is generally 0.05 to 1.2 mm, preferably 0.1 to 0.8 
mm, more preferably 0.15 to 0.4 mm. The thickness of the color glaze layer is generally 0.06 to 1.8 mm. preferably 
0.1 to 1.2 mm, more preferably 0.2 to 0.7 mm. 

[0089] Further, according to a preferred embodiment of the present invention, for the surface of the surface glaze 
layer in the sanitary ware according to the third aspect of the present invention, the center line average roughness Ra 
as defined in the first aspect of the present invention is preferably less than 0.07 pm, more preferably not more than 
0.068 pm, still more preferably not more than 0.05 pm, most preferably not more than 0.03 pm. Ra falling within the 
above range can provide a sanitary ware onto which stains or soils are much less likely to be deposited. 
[0090] According to a preferred embodiment of the present invention, the sanitary ware according to the third 
aspect of the present invention is preferably produced by the following production process. 



[0091] At the outset the sanitary ware body may be any conventional sanitary ware body which is prepared, for 
example, by properly shaping a slurry for a sanitary ware body obtained using quartz sand, feldspar, clay and the like 
as raw materj^s. ^ ^ 

[0092] UtiTizatlon of a glaie having a 90% particle diameter of not more than 20 \im, preferably not more than 10 
pm, or a glaze having a 50% particle diameter of not more than 5 pm is preferred as the glaze for the surface glaze 
layer. Use of ^ glaze with the particle diameter falling within the above range results in satisfactory vitrification of 
silica particles ST-^rVr\ng temperature of about 1100 to 1300'C and consequently can effectively prevent silica 
particles having a particle diameter of not less than 10 \im from being stayed on the surface. The glaze having the 
above particle diameter can be obtained by ball milling or beads milling of the glaze material. 

[0093] According to another preferred embodiment of the present invention, the glaze is a mixed glaze prepared 
by mixing silica particles having a 90% particle diameter of not more than 15 pm, preferably not more than 10 pm, 
more preferably not more than 6 pm, or silica particles having a 50% particle diameter of not more than 5 pm, with a 
10 glaze material with the silica component removed therefrom. That is, preferably, the particle diameter of silica 
particles is controlled separately from other glaze materials. 

[0094] Use of a glaze with the particle diameter falling within the above range results in satisfactory 
vitrification of silica particles at a firing temperature of about 1100 to 1300*C and consequently can effectively 
prevent silica particles having a particle diameter of not less than 10 pm fi^om being stayed on the surface. Silica 
particles having the above diameter can be obtained, for example, by ball milling or beads milling of a naturally 
IS occurring quartz sand or a commercially available feldspar material. 

[0095] According to a preferred embodiment of the present invention, the glaze is a mixed glaze comprised of an 
amorphous glaze material such as a frit glaze material and a non-frit glaze material. The frit glaze material can be 
obtained by melting a glaze material comprising quarts sand, feldspar, lime, clay, a pigment and the like at a high 
temperature of 1300°C or above. 

[0096] According to a further preferred embodiment of the present invention, the non-frit glaze material in the 
mixed glaze is a glaze having a 90% particle diameter of not more than 20 pm, preferably not more than 10 pm, or a 
glaze having a 50% particle diameter of not more than 5 pm. 

[0097] The glaze material may be applied to the sanitary ware body by any method without particular limitation, 
and a conventional method may be property selected from spray coating, dip coating, spin coating, roll coating and the 
like. 

25 [0098] The sanitary ware body with the precursor layer for a surface glaze layer being formed thereon is then 
fired. The firing temperature may vary depending upon whether or not the sanitary ware body has been previously 
sintered. When the ware body has not been previously sintered, firing Is preferably carried out at a temperature of 
1000''C to preferably 1300°C which causes sintering of the ware body and softening of the glaze. On the other hand, 
when the ware body has been previously sintered, firing is preferably carried out at a temperature of 300° C or 
above, more preferably 400*0 or above, which can soften the glaze. The fomner method, that is, a method wherein, 
after a glaze material is coated onto the unsintered ware body, firing is carried out at a time, is preferred from the 
viewpoint of the production cost of the sanitary ware. 

[0099] On the other hand, the latter method is advantageous in that the formation of a surface glaze layer on the 
completed sanitary ware can impart a new function. 

[0100] The sanitary ware comprising an additional glaze layer between the sanitary ware body and the surface 
35 glaze layer may be produced In the same manner as described above, except that the step of forming a precursor 
layer for the glaze layer as the intermediate layer is added. Specifically, this sanitary ware may be produced in the 
same manner as described above, except that a precursor layer for the glaze layer as the intermediate layer, for 
example, a precursor for a color glaze layer, is formed and a precursor for the surface glaze layer is formed thereon 
from the above glaze material. 

[0101] Further, according to a preferred embodiment of the third aspect of the present invention, when the color 
40 glaze layer is formed between the sanitary ware body and the surface glaze layer, the glaze material is a mixed glaze 
composed of the non-frit glaze material and the frit glaze material. More preferably, the mixed glaze used is such that 
the non-frit glaze material has been subjected to size reduction to a 50% particle diameter of not more than 6 ^Jm and 
is free firom a pigment and/or an emulsifier (specifically ZrO 2). In this case. 50 to 99% by weight, preferably 60 to 95% 
by weight, of the mixed glaze is accounted for by the frit glaze material. Most preferably, the ratio of the non-frit 
glaze material to the frit glaze material is 30 : 70 to 10 : 90. In this case, the firing temperature is preferably 800 
to 1300°C. In summary, the preferred production process comprises the steps of: applying a color glaze material with 
a pigment and an emulsifier added thereto onto a sanitary ware body; further applying a mixed glaze, prepared by 
mixing a transparent non-frit glaze material containing neither a pigment nor an emulsifier with 50 to 99% by weight, 
preferably 60 to 90% by weight, of a frit glaze; and then conducting firing at a temperature of 800 to 1300''C. 

EXAMPLES 

[0102] The present invention will be described In more detail with reference to the following examples, though it 
is not limited to these examples only. 

E xannple A 
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Composition of glaze 



[0103] In the following Example A and Comparative Example A, material A for a glaze has the following 
composition. 

SiO^: 55 to 80wt% 
^ AIA:5tO'1i>^, 

FejOg! 0.1 to 0.4 wt% 

MgO: 0.8 to 3.0 wt% 
jQ CaO:8to17wt% 

ZnO: 3 to 8 wt% 

K2O: 1 to 4 wt% 
15 NaO: 0.5to2.5wt% 

ZrOj: 0.1to15wt% 

Pigment: 1 to 20 wt% 



Tg$t in g methods 

[0104] In the following examples and comparative examples, evaluation tests were carried out by the following 
methods. 

25 

Test 1 : Contact angle with water 

[0105] The contact angle of the surface of the sample with water was measured with a contact angle goniometer 
(Model CA-X150, manufactured by Kyowa Interface Science Co., Ltd.). More specifically, a water droplet was dropped 
on the surface of the sample through a microsyringe and, 30 sec after that, the contact angle was measured with the 
30 contact angle goniometer. 

Test 2: Removability of smears 

[0106] The inside of a portion having a size of 10 mnrrO on the surface of the sample was blotted with an oil- 
based black marking ink (Magic Ink #700), followed by drying at room temperature for about one min. Thereafter, 3 ml 
35 of water was dropped on the sample, and the sample was then inspected on whether or not the Magic Ink was floated, 
and on whether or not the Magic Ink was washed away upOQ inclination of the sample. 

Test 3: Removability of oil stains under water 

[0107] A salad oil (0.01 g) was dropped on the surface of the sample. The whole sample was then submerged in 
a water tank, and the time taken for the salad oil deposited on the surface to be floated on the surface of water was 
measured. 

Test 4: Deposition of urinary calculi 

[0108] A plate specimen was installed on a trap portion of a stall urinal (U307C) manufactured by TOTO, LTD, 
and allowed to stand under ordinary service conditions for 7 days. Thereafter, the amount of urinary calculi deposited 
on the surface was visually evaluated. 

Test 5 : Deposition of soap soils 

50 [0109] A plate specimen was installed around a drainage port of a washstand provided with a liquid soap, and 
allowed to stand under ordinary service conditions for 7 days. Thereafter, the amount of soap soils deposited on the 
surface of the specimen was visually evaluated. 

Example A1 
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[0110] The material A for a glaze (600 g). 400 g of water, and 1 kg of alumina balls were placed in a ceramic pot 
having a volume of 2 liters, and the mixture was then ball milled for about 65 hr to obtain a glaze. The particle 



diameter of the glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a 
result, it was found that 98% of the particles were accounted for by particles having a diameter of not more than 10 \im 
and the 50% average Darticle dJ^tD§tSt(D50) was 1.2 \im. 

[01 1 1] ^ekt, a pla% specTmen-having a size of 70 x 150 mm was prepared using a slurry for a sanitary ware body 
obtained using quartz sand, feldspar, clay and the like as raw materials. The glaze was spray coated onto the plate 
specimen, followed by firing at 1100 to 1200'C to obtain a sample. 
^ [0112] FoV'thfr^swiale thus obtained, the center line surface roughness Ra (JIS B 0601) was measured with a 
stylus type surface roughness tester (JIS B 0651), and found to be Ra = 0.02 pm. Further, the surface roughness of 
100 X 100 Mm was measured by atomic force microscopy (AFM; Nano Scope III, manufactured by Digital Instruments), 
and found to be Ra = 4.3 nm. 

[0113] Fig. 3 shows an enlarged view of the surface obtained using the stylus type surface roughness tester. A 
concave-convex image of the surface utilizing a reflection electron image is shown in Fig. 8 (a), and an image on the 
10 composition of the surface is shown in Fig. 8 (b). Further, Fig. 11 is an enlarged view of the surface obtained by 
observation under an atomic force microscope (AFM). 

[01 14] For the sample, tests 1 to 5 described above were carried out. The results were as follows. 
Test 1: The contact angle with water was 20*. 

Test 2: About 30 sec after dropping of water, the Magic Ink was floated on the surface of water, and, upon 
inclination of the sample, the Magic Ink, together with water, was washed away to entirely remove the Magic Ink on 
the surface of the sample. 

Test 3: 35 sec after submerging, the salad oil was floated on the surface of water 

20 

Test 4: The amount of urinary calculi deposited was smaller than that in Comparative Example A1 described 
below, and a part of the deposited urinary calculi was washed out by running water. 

Test 5; The amount of soap soil deposited was smaller than that in Comparative Example A1, and soap soil could 
be removed by rubbing with a water-containing sponge to expose the original surface of the glaze layer. 

25 



Example A2 

[0115] A material was provided which had the same composition as the material A for a glaze except that the ZrO 
2 component as the emulsifier and the pigment were removed from the composition of the material A for a glaze. This 
material (600 g), 400 g of water, and 1 kg of alumina balls were placed in a ceramic pot having a volume of 2 liters, 
and the mixture was then ball milled for about 65 hr to obtain a glaze. The particle diameter of the glaze thus obtained 
was measured with a laser diffjraction particle size distribution analyzer. As a result, it was found that 98% of the 
particles were accounted for by particles having a diameter of not more than 10 \im and the 50% average particle 
diameter (D50) was 1.5 pm. 

[0116] Next, the above glaze was spray coated onto the same plate specimen as used in Example A1, followed 

by firing at 1 100 to 1200°C to obtain a sample. The glaze layer in this sample was transparent. 

[0117] For the sample thus obtained, the surface roughness was measured in the same manner as in Example 

A1 , and found to be Ra = 0.03 pm as measured by the stylus method and Ra = 3.5 nm as measured by AFM. 

[01 18] Fig. 12 shows an enlarged view of the surface obtained by atomic force microscopy (AFM). 

[0119] For the sample, tests 1 to 5 described above were carried out. The results were as follows. 

Test 1: The contact angle with water was 15". 



Test 2: About 20 sec after dropping of water, the Magic Ink was floated on the surface of water, and, upon 
inclination of the sample, the Magic Ink, together with water, was washed away to entirely remove the Magic Ink on 
the surface of the sample. 
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Test 3: 15 sec after submerging, the salad oil was floated on the surface of water 

Test 4. The amount of urinary calculi deposited was smaller than that in Comparative Example A1 described 
below, and a part of the deposited urinary calculi was washed out by running water. 

50 

Test 5: The amount of soap soil deposited was smaller than that in Comparative Example A1 described below, 
and soap soil could be rennoved by mbbing with a water-containing sponge to expose the original surface of the 
glaze layer. 



55 



E xam pl e A3 



[0120] The material A for a glaze was melted at 1300 to 1450°C in an electric furnace, and the melt was then 
quenched in water to obtain a glass frit The glass frit was then stamp milled. The powder thus obtained (600 g), 400 g 
of water, and 1 kg of alumina balls were placed in a ceramic pot having a volume of 2 liters, and the mixture was then 
ball milled focr about 1#hr to^btaln a frit glaze. The particle diameter of the frit glaze thus obtained was measured 
with a laser diffraction particle size distribution analyzer. As a result, it was found that 68% of the particles were 
accounted for by particles having a diameter of not nrore than 10 \tm and the 50% average particle diameter (050) 
was 6.0 |jm. • ^ ^ ^^^^ 

* [0121] NexT'the above frit glaze was spray coated onto the same plate specimen as used in Example A1, 
followed by firing at 1100 to 1200''C to obtain a sample. 

[0122] For the sample thus obtained, the surface roughness was measured in the same manner as in Example 
A1, and found to be Ra = 0.03 \im as measured by the stylus method and Ra = 4.0 nm as measured by AFM. 
[0123] Fig 4 shows an enlarged view of the surface obtained using a stylus type surface roughness tester. Fig. 
10 1 3 shows an enlarged view of the surface obtained by atomic force microscopy (AFM). 

[0124] For the sample, tests 1 to 5 described above were carried out. The results were as follows. 

Test 1: The contact angle with water was 20^. 

Test 2: About 25 sec after dropping of water, the Magic Ink was floated on the surface of water, and, upon 
inclination of the sample, the Magic Ink, together with water, was washed away to entirely remove the Magic Ink on 
the surface of the sample. 

Test 3: 20 sec after submerging, the salad oil was floated on the surface of water. 

20 Test 4: The amount of urinary calculi deposited was smaller than that in Comparative Example A1 described 

below, and a part of the deposited urinary calculi was washed out by running water. 

Test 5: The amount of soap soil deposited was smaller than that in Comparative Example A1 described below, 
and soap soil could be remowed by rubbing with a water-containing sponge to expose the original surface of ti^e 
glaze layer. 
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Example A4 

[0125] The frit glaze (D50 = 12 pm) (70 parts by weight) obtained in Example A3 was mixed with 30 parts by 
weight of the ball milled frit (D50 = 1.2 |jm)-obtained in Example A1 to obtain a mixed glaze. The particle diameter of 
30 the mixed glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a result, it 
was found that 57% of the particles were accounted for by particles having a diameter of not more than 10 pm and the 
50% average particle diameter (D50) was 6.3 ym. 

[0126] Next, the above glaze was spray coated onto the same plate specimen as used in Example A1, followed 
by firing at 1100 to 1200°C to obtain a sample. 
35 [0127] For the sample thus obtained, the surface roughness was measured in the same manner as In Example 
A1, and found to be Ra = 0.02 \im as measured by the stylus method and Ra = 4.7 nm as measured by AFM. 
[0128] Further, for the sample, tests 1 to 5 described above were carried out. The results were as follows. 

Test 1: The contact angle with water was 20' 

40 Test 2: About 20 sec after dropping of water, the Magic Ink was floated on the surface of water, and, upon 

inclination of the sample, the Magic Ink. together with water, was washed away to entirely remove the Magic Ink on 
the surface of the sample. 

Test 3: 20 sec after submerging, the salad oil was floated on the surface of water. 

Test 4: The amount of urinary calculi deposited was smaller tiian that in Comparative Example A1 described 
below, and a part of the deposited urinary calculi was washed out by running water. 

Test 5: The amount of soap soil deposited was smaller than that in Comparative Example A1 described below, 
and soap soil could be removed by mbbing with a water-containing sponge to expose the original surface of ttie 
50 glaze layer. 

Example A5 

[0129] A material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
55 volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a glaze, the particle diameter of the 
glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a result, it was found 



that 65% of the particles were accounted for by particles having a diameter of not more than 10 pm and the 50% 
average particle diameter (D50) was 6.2 pm. 

[0130] Next, the above qjaz e was sprav coated onto the same plate specimen as used In Example A1 to form a 
lower glaze l^r, and xhe frit glaze prepared in Example A3 was then spray coated thereon to form an upper glaze 
layer, followed by firing at 1100 to 1200''C to obtain a sample. 

[0131] For the sample thus obtained, the surface roughness was measured in the same manner as in Example 
^ A1, and found fo^btf^-s 0.03 ^im as measured by the stylus method and Ra = 3.8 nm as measured by AFM. 
[0132] Fig. 14 shows an enlarged view of the surface obtained by atomic force microscopy (AFM). 
[0133] Further, for the sample, tests 1 to 5 described above were carried out The results were as follows. 

Test 1: The contact angle with water was 20° . 

10 Test 2: About 20 sec after dropping of water, the Magic Ink was floated on the surface of water, and, upon 

inclination of the sample, the Magic Ink, together with water, was washed away to entirely remove the Magic Ink on 
the surface of the sample. 

Test 3: 20 sec after submerging, the salad oil was floated on the surface of water. 

Test 4: The amount of urinary calculi deposited was smaller than that in Comparative Example A1 described 
below, and a part of the deposited urinary calculi was washed out by running water. 

Test 5: The amount of soap soil deposited was smaller than that in Comparative Example A1 described below, 
and soap soil could be removed by rubbing with a water-containing sponge to expose the original surface of the 
20 glaze layer. 

Example A6 

[0134] A material was provided which had the same composition as the material A for a glaze except that the ZrO 
25 2 and the pigment were removed from the composition of the material A. This material was melted at 1300 to 1450*C 
in an electric furnace, and the melt was then quenched in water to obtain a glass frit. The glass frit was then stamp 
milled. The powder thus obtained (600 g), 400 g of water, and 1 kg of alumina balls were placed in a ceramic pot 
having a volume of 2 liters, and the mixture was then ball milled for about 18 hr to obtain a frit glaze. The particle 
diameter of the frit glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a 
result, it was found that 68% of the particles were accounted for by particles having a diameter of not more than 10 pm 
30 and the 50% average particle diameter (D50) was 6.0 |jm. 

[0135] Next, the glaze prepared in Example A5 was spray coated onto the same plate specimen as used in 
Exannple A1 to form a lower glaze layer. Subsequently, the above frit glaze prepared was then spray coated thereon to 
form an upper glaze layer, followed by firing at 1100 to 1200^ to obtain a sample. 

[0136] For the sample thus obtained, the surface roughness was measured in the same manner as in Example 
3g A1, and found to be Ra = 0.05 pm as measured by the stylus method. Fig. 5 shows an enlarged view of the surface 
obtained using a stylus type surface roughness tester. 

[0137] Further, for the sample, tests 1 to 5 described above were carried out. The results were as follows. 

Test 1; The contact angle with water was 16" . 

40 Test 2: About 30 sec after dropping of water, the Magic Ink was floated on the surface of water, and, upon 

inclination of the sample, the Magic Ink, together with water, was washed away to entirety remove the Magic Ink on 
the surface of the sample. 

Test 3: 25 sec after submerging, the salad oil was floated on the surface of water 

Test 4: The amount of urinary calculi deposited was smaller than that in Comparative Example A1 described 
below, and a part of the deposited urinary calculi was washed out by running water. 

Test 5: The amount of soap soil deposited was smaller than that in Comparative Example A1 described below, 
and soap soil could be removed by njbbing with a water-containing sponge to expose the original surface of the 
gQ glaze layer. 

Example A7 

[0138] The frit glaze (D50 = 6.0 pm) (80 parts by weight) obtained in Example A6 was mixed with 20 parts by 
55 weight of the glaze (D50 = 6.5 ^m), free from the opacefier and the pigment, prepared In Example A2, to obtain a 
mixed glaze. The particle diameter of the mixed glaze thus obtained was measured with a laser diffraction particle size 



distribution analyzer.- As a result it was found that 57% of the particles were accounted for by particles having a 
diameter of not more than 10 and the 50% average particle diameter (D50) was 6.3 \im. 

[0139] }^^^' the alaze pre pared in Example AS was spray coated onto the same plate specimen as used in 
Example AV^form a rower gTaze fayer. Subsequently, the above mixed glaze was then spray coated thereon to form 
an upper glaze layer, followed by firing at 1100 to 1200'C to obtain a sample. 

[0140] For the sample thus obtained, the surface roughness was measured in the same manner as in Example 
A1, and found't»4ft^Ra.= 0.06 pm as measured by the stylus method. Fig. 6 shows an enlarged view of the surface 
obtained using a stylus type surface roughness tester. 

[0141] Further, for the sample, tests 1 to 5 described above were carried out. The results were as follows. 
Test 1: The contact angle with water was 19" . 

Test 2: About 30 sec after dropping of water, the Magic Ink was floated on the surfiace of water, and, upon 
inclination of the sample, the Magic Ink, together with water, was washed away to entirety remove the Magic Ink on 
the surface of the sample. 

Test 3: 30 sec after submerging, the salad oil was floated on the surface of water. 

Test 4: The amount of urinary calculi deposited was smaller than that in Comparative Example Al described 
below, and a part of the deposited urinary calculi was washed out by running water. 

Test 5: The amount of soap soil deposited was snnaller than that in Comparative Example Al described below, 
and soap soil could be removed by rubbing with a water-containing sponge to expose the original surface of the 
glaze layer. 

Comparative Example A1 

[0142] The glaze prepared in Example A5 was spray coated onto the same plate specimen as used in Example 
Al, followed by firing at 11 00 to 1200*C to obtain a sample. 

[0143] For the sample thus obtained,, the surface roughness was measured in the same manner as in Example 
Al, and found to be Ra = 0.10 pm as measured by the stylus method and Ra = 18.0 nm as measured by AFM. 
[0144] Fig. 1 shows an enlarged view of the surface obtained using a stylus type surface roughness tester. 
Further, a concavo-convex image and an image on the compos'ttion of the surface were observed under scanning 
electron microscope. The concave-convex image of the surface utilizing a reflection electron image is shown in Fig. 7 
(a), and the image on the composition of the surface is shown in Fig. 7 (b). Fig. 9 is an enlarged view of the surface 
obtained by observation under an atomic force microscope (AFM). 

[0145] For the sample, tests 1 to 5 described above were carried out. The results were as follows. 
Test 1 : The contact angle with water was 30* . 

Test 2: The Magic Ink was not ftoated on the surface of water, and, when the sample was inclined, it remained on 
the surface of the sample. 

Test 3: 50 sec after submerging, the salad oil was floated on the surface of water. 

Test 4. A large amount of urinary calculi was deposited on the surface of the glaze layer of the specimen, and the 
deposited urinary calculi could not be removed by running water. 

Test 5: Soap soil was deposited on substantially the whole surface of the glaze layer of the plate specimen, and it 
was very difficutt to remove the soap soil even by rubbing the surface of the plate specimen with a water-containing 
sponge. 

Com p arative Exam p le A 2 

[0146] For a commercially available Western-style toilet (color: ivory), the surface roughness was measured in the 
same manner as in Example A1, and found to be Ra = 0.07 pm as measured by the stylus method and Ra = 10.4 nm 
as measured by AFM. 

[0147] Fig. 2 shows an enlarged view of the surface obtained using a stylus type surface roughness tester. Fig. 

10 is an enlarged view of the surface obtained by observation under an atomic force microscope (AFM). 

[0148] For the commercially available toilet, tests 1 to 3 described above were carried out. The results were as 

follows. 



Test 1: The contact angle with water was 50' . 



Test 2: After dropping of water, the Magic ink was not floated on the surface of water, and, when the sample was 
inclined, it remained on the surface of the sample. 

■ • 

Test 3: 120 sec after submerging, the salad oil was floated on the surface of water. 

[0149] The resul&cJf Example A are summarized in the following Tables 1 and 2. 

Table 1 



15 





Surface roughness Ra 


Contact angle (HjO) 




Stylus type 


AFM 




Ex. A1 


0.02 Mm 


4.3 nm 


20° 


Ex. A2 


0.03 pm 


3.5 nm 


15" 


Ex. A3 


0.03 pm 


4.0 nm 


20" 


Ex. A4 


0.02 Mm 


4.7 nm 


20° 


Ex. A5 


0.03 Mm 


3.8 nm 


20° 


Ex. A6 


0.05 Mm 




16° 


Ex. A7 


0.06 Mm 




19° 


Comp.Ex. A1 


0.10 Mm 


18.0 nm 


30- 


Comp.Ex. A2 


0.07 Mm 


10.4 nm 


50* 



Table 2 
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Removability of 
Magic^'^ ink 


Time taken for salad oil 
to be floated on water 


Amount of urinary calculi 
deposited on strainer in urinal 


Amount of soap soils 
on washbowl 


Ex. A1 


No ink left 


35 sec 


Small 


Small 


Ex . A2 


No ink left 


15 sec 


Small 


Small 


Ex. A3 


No ink left 


20 sec 


Small 


Small 


Ex. A4 


No ink left 


20 sec 


Small 


Small 1 


Ex. A5 


No ink left 


20 sec 


Small 


Small 


Ex. A6 


No ink left 


25 sec 


Small 


Small ! 


Ex. A7 


No ink left 


30 sec 


Small 


Small 


Comp.Ex.A1 


The whole ink 
left 


50 sec 


Large 


Large 


Comp.Ex.A2 


The whole Ink 
left 


120 sec 
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Example B 
Example B1 

45 

[0150] The material A for a glaze (600 g), 400 g of water, and 1 kg of alumina balls were placed In a ceramic pot 
having a volume of 2 liters, and the mixture was then ball milled for about 65 hr to obtain a glaze. The particle 
diameter of the glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a 
result, it was found that 98% of the particles were accounted for by particles having a diameter of not more than 10 Mm 
and the 50% average particle diameter (D50) was 1.2 Mm. 
50 [0151] Next, a plate specimen having a size of 70 x 150 mm was prepared using a slurry for a sanitary ware body 
obtained using quartz sand, feldspar, clay and the like as raw materials. The glaze was spray coated onto the plate 
specimen, followed by firing at 1100 to 1200°C to obtain a sample. The color of the glaze in the sample thus obtained 
was pastel ivory (#SC1). 

[0152] For the sample, the surface roughness and the glossiness were measured. The surface roughness was 
measured in temns of kurtosis Rku with a stylus type surface roughness tester (JIS B 0651), and found to be kurtos is 
Rku = 2.00. The glossiness was measured in terms of specular glossiness at 60" Gs (60° ) according to the method of 



measurement for specular glossiness (JIS Z 8741), and found to be Gs (60' ) = 102.0. 



Example B2 ^ 

• 

[0153] The material A (br a glaze was melted at 1300 to 1450*'C in an electric furnace, and the melt was then 
quenched in water to obtain a glass frit The glass frit was then stamp milled, the powder thus obtained (600 g), 400 g 
of water, and r Ijfl.^i^gmina balls were placed in a ceramic pot having a volume of 2 liters, and the mixture was then 
^ ball milled for about 18 hi* to obtain a frit glaze. The particle diameter of the frit glaze thus obtained was measured 
with a laser diffraction particle size distribution analyzer. As a result, it was found that 68% of the particles were 
accounted for by particles having a diameter of not more than 10 pm and the 50% average particle diameter (D50) 
was 6.0 ^jm. 

[0154] Next, the above frt glaze was spray coated onto the same plate specimen as used in Example B1, followed 
by firing at 1100 to 1200°C to obtain a sample. The color of the glaze in the sample thus obtained was pastel ivory 
(#SC1). 

[0155] The sample thus obtained was evaluated in the same manner as in Example B1. As a result, the surface 
roughness in terms of kurtosis Rku was 1 .90, and the specular glossiness at 60" Gs (60" ) was 106.0. 

Comparative Example B1 

15 

[0156J A material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a glaze. The particle diameter of the 
glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a result, it was found 
that 65% of the particles were accounted for by particles having a diameter of not more than 10 pm and the 50% 
average particle diameter (D50) was 6.2 \im. 
2" [0157] Next, the glaze was spray coated onto the same plate specimen as used in Example B1 , followed by firing 
at 1100 to 1200*C to obtain a sample. 

[0158] The color of the glaze in the sample thus obtained was pastel ivory (#SC1 ). 

[0159] The sample thus obtained was evaluated in the same manner as in Example B1. As a result, the surface 
roughness in terms of kurtosis Rku was 3.04, and the specular glossiness at 60" Ge (60* ) was 95.0. 

25 

Comparative Example B2 

[0160] For a commercially available Western-style toilet (color: ivory), the surface roughness In terms of 
kurtosis Rku and the specular glossiness at 60" Gs (60° )were measured in the same manner as in Example 61. As a 
result, the Rku was 2.70, and Gs (60° ) was 98.0. 
30 [0161] The results of Example B and Comparative Example B are summarized in Fig. 15. In the figure, A, B, C 
and D represent the results of Examples B1 and B2 and Comparative Examples 81 and 82, respectively. As is 
apparent from Fig. 15, the glossiness at 60° Gs (60° ) Increased with decreasing the surface roughness In terms of 
kurtosis Rku. That is, there is a negative correlation between the surface roughness and the glossiness. Further, 
bringing the Rku value to less than 2.70 can provide a glaze layer surface having a high glossiness Gs (60° ) of not 
less than 100. 

35 

Example C 

[0162] In the following Example C and Comparative Example C, evaluation tests were carried out by the following 
methods. 

40 

Alkali resistance 

[0163] A 5% aqueous sodium hydroxide solution was provided. Half of the specimen was immersed in the 
aqueous solution. The whole system was heated to 70°C, and allowed to stand at that temperature for 24 hr 
Thereafter, the specimen was taken out of the aqueous solution and then washed with njnning water. In this case, the 
45 glaze surface before the immersion and the glaze surface after the immersion were observed under a scanning 
electron microscope (SEM; S-800, manufactured by Hitachi, Ltd.). 

Surf a ce ro ug h ness 

[0164] The surface roughness was measured with a stylus type surface roughness tester according to JIS B 0651 
50 in the same manner as in Example A1 . 

Deposition of urinary calculi 

[0165] Urine collected fi-om a human being was diluted twice with distilled water. The diluted urine (about 2 
liters) was placed In a toilet bowl, followed by sealing. In this state, the sealed toilet bowl was allowed to stand at 
55 room temperature for one week. In all the following examples and comparative examples, the pH value of the urine 
immediately after the dilution and the pH value of the urine after the standing in the toilet bowl for one week were 



measured at 25 'C with a pH meter (a pH meter M-12, manufactured by Horiba, Ltd.), and found to be 6.5 and 8.5, 
respectively. 

[0166] , The diluted urine vijithiaiheLbowl was disposed of. The inside of the bowl was washed with about 12 liters 
of running wattr (corresponding to the amount of water in washing using conventional flush tanks), and then dried at 
room temperature. Thereafter, the inside of the bowl was sprayed with a diluted solution of a bacterial plaque 
staining gel "DENTCLU8," manufactured by Health Tech Co., Ltd., and the amount of urine calculus deposited was 
evaluated basedM»»^*^. depth of red color. Use of the bacterial plaque staining gel pennits a portion, where a large 
^ amount of urine calculi has been deposited, to be deeply stained red, while a portion free from urine calculi is not 
stained. The amount of urine calculi deposited can be visually evaluated through the utilization of this phenomenon. 

ExampigCI 

1Q [0167] The material A for a glaze was melted at 1400 to 1550*C in an electric furnace, and the melt was then 
quenched in water to obtain a glass frit The glass frit was then stamp milled. The powder thus obtained (250 g), 170 g 
of water, and 1 kg of balls were placed in a ceramic pot having a volume of 2 liters, and the mixture was then ball 
milled for about 18 hr to obtain a frit glaze. 

[0168] Next, a plate specimen having a size of 70 x 150 mm was prepared using a slurry for a sanitary ware body 
obtained using quartz sand, feldspar, clay and the like as raw materials. The glaze was spray coated onto the plate 
15 specimen, followed by firing at 1 100 to 1200''C to obtain a sample. 

[0169] The sample thus obtained was tested for alkali resistance. The glaze surface before the test was very 
smooth, and were free from silica particles. For the glaze surface after the alkali resistance test, there were dropouts 
of Zr02. In-egularities, however, were small, and the surface was snnooth. 

[0170] The surface roughness was Ra = 0.02 pm before the alkali resistance test, and Ra = 0.04 jjm after the 

alkali resistance test. 

[0171] A toilet bowl was prepared in the same nnanner as used in connection with the preparation of the sample 
described above. The toilet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayed with a diluted solution of a bacterial plaque staining gel. As a result, a portion, which had drawn the 
diluted urine, and a portion, which had been immersed in the diluted urine, were lightly stained red. This depth of red 
was clearly smaller than that of red in Conriparative Example CI below, indk^ating that the amount of urine calculi 
25 deposited was smaller than that in Comparative Example C1 . 

Example C2 

[0172] A material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a glaze. The particle diameter of the 
30 glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a result, it was found 
that 65% of the particles were accounted for by particles having a diameter of not nnore than 10 pm, the 50% average 
particle diameter (D50) was 5.8 pm, and the 90% average particle diameter (D90) was 23.3 pm. 
[0173] Separately, a glaze material was provided which had the same composition as the material A for a glaze 
except that ZrOj as the emulsifier and the pigment were removed from the composition of the material A. This material 
was melted at 1400 to ISSOX in an electric furnace, and the melt was then quenched in water to obtain a glass frit. 
The glass frit was then stamp milled. The powder thus obtained (250 g), 170 g of water, and 1 kg of balls were placed 
in a ceramic pot having a volunrie of 2 liters, and the mixture was then ball milled for about 18 hr to obtain a 
transparent frit glaze. 

[0174] Next, the glaze was spray coated onto the same plate specimen as used in Example C1, and the 
transparent frit glaze was then spray coated thereon, followed by firing at 1 100 to 1200'*C to obtain a sample. 

40 [0175] The sample thus obtained was tested for alkali resistance. The glaze surface before the test and the glaze 
surface after the test were observed under a scanning electron microscope (SEM; S-800, manufactured by Hitachi, 
Ltd.). An SEM photograph of the glaze surface before the test and an SEM photograph of the glaze surface after the 
test are shown in Figs. 18 and 19, respectively. These photographs show that the glaze surface before the alkali 
resistance test Is very smooth and free from silica particles and that the glaze surface after the alkali resistance 
test remains substantially unchanged and is smooth. 

45 [0176] The surface roughness was Ra = 0.02 pm before the alkali resistance test, and Ra = 0.03 pm after the 
alkali resistance test. 

[0177] A toilet bowl was prepared in the same manner as used In connection with the preparation of the sample 
described above. The toilet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayed with a diluted solution of a bacterial plague staining gel. As a result, a portion, which had drawn the 
^ diluted urine, and a portion, which had been immersed in the diluted urine, were lightly stained red. This depth of red 
was clearly smaller than that of red in Comparative Example C2 below, indicating that the amount of urine calculi 
deposited was smaller than that in Comparative Example C2. 

Example C3 



55 



[0178] The material A for a glaze (2 kg), 1 kg of water, and 4 kg of alumina balls were placed In a ceramic pot 
having a volume of 6 liters, and the mixture was then ball milled for about 36 hr to obtain a glaze. The particle 



diameter of the glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a 
resutt, it was found that 90% of the particles were accounted for by particles having a diameter of not more than 10 
Mm, the 50%.^erage ^rtlcle-d4amete^(D50) was 3.3 pm, and the 90% average particle diameter (D90) was 9.9 pm. 
[0179} Next, the glaze was'spfay coated onto the same plate specimen as used in Example C1, followed by firing 
at 11 00 to 1200**C to obtain a sample. 

[0180] Thejimple thus obtained was tested for alkali resistance. As compared with the sample prepared In 
^ Comparative ExTri^pfe^-l- below, the glaze surface before the test was smaller in amount and size of silica particles, 
was free from silica particles having a size of not less ttian 10 pm, and was very smooth. The glaze surface after the 
alkali resistance test was very small in the number of cracks, and was smooth. 

[0181] The surface roughness was Ra = 0.03 \im before the alkali resistance test and Ra = 0.10 pm after the 
alkali resistance test. 

[0182] A toilet bowi was prepared in the same manner as used in connection with the preparation of the sample 
10 described above. The toilet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayed with a diluted solution of a bacterial plaque staining gel. As a result, a portion, which had drawn the 
diluted urine, and a portion, which had been Immersed in the diluted urine, were lightly stained red. This depth of red 
was clearly smaller than that of red in Comparative Example C1 below, indicating that the amount of urine calculi 
deposited was smaller than that in Comparative Example CI . 

Example 04 

[0183] The material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a glaze. The particle diameter of the 
glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a result, It was found 
that 65% of the particles were accounted for by particles having a diameter of not more than 10 pm, the 50% average 
particle diameter (D50) was 5.8 pm, and the 90% average particle diameter (D90) was 23.3 pm. 
[0184] Separately, a material was provided which had the same composition as the material A for a glaze except 
that ZrOj as the emulsifier and the pigment were removed from the composition of the material A. This material (2 kg), 
1 kg of water, and 4 kg of alumina balls were placed In a ceramic pot having a volume of 6 liters, and the mixture was 
then ball milled for about 60 hr to obtain a milled transparent glaze. For the milled transparent glaze, 100% of the 
particles were accounted for by particles having a diameter of not more than 10 pm, the D50 value was 1.7 pm, and 
the D90 value was 3.8 pm. 

[0185] Next, the glaze was spray coated onto the same plate specimen as used In Example 01, and the milled 
transparent glaze was then spray coated thereon, followed by firing at 1100 to 1200°O to obtain a sample. 
[0186] The sample thus obtained was tested for alkali resistance. The glaze surface before the test was very 
smooth and free from silica particles. The glaze surface after the alkali resistance test remained substantially 
unchanged and was smooth. 

pi87] The surface roughness was Ra = 0.03 pm before the alkali resistance test, and Ra = 0.04 pm after the 
alkali resistance test. 

[0188] A toilet bowl was prepared in the same manner as used in connection with the preparation of the sample 
described above. The toilet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayed with a diluted solution of a bacterial plaque staining gel. As a resutt, a portion, which had drawn the 
diluted urine, and a portion, which had been immersed in the diluted urine, were lightly stained red. This depth of red 
was clearly smaller than that of red in Comparative Example 02 below. Indicating that the amount of urine calculi 
deposited was smaller than that In Comparative Example C2. 

Example 05 

40 

[0189] The material was provided which had the same composition as the material A for a glaze except that 
quartz sand as the raw material of silica particles and the commercially available feldspar material were removed from 
the composition of the material A. This material (2 kg), 1 kg of water, and 4 kg of alumina balls were placed in a 
ceramic pot having a volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a glaze. The 
particle diameter of the glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. 
^5 As a result, it was found that 99% of the particles were accounted for by particles having a diameter of not more than 
10 pm, the 50% average particle diameter (D50) was 2.2 pm, and the 90% average particle diameter (090) was 5.1 
pm. 

[0190] Separately, 400 g of quartz sand, 200 g of commercially available feldspar material, 300 g of water, and 
1.2 kg of alumina balls were placed in a ceramic pot having a volume of 6 liters, and the mixture was then ball milled 
gQ for about 40 hr to obtain a silica slurry. For the silica slurry, 98% of the particles were accounted for by particles 
having a diameter of not more than 10 pm, the D50 value was 2.4 pm, and the D90 value was 5.5 pm. 
[0191] The glaze and the silica slurry were mixed together in a weight ratio of 4 : 6 to obtain a mixed glaze. For 
the nnixture glaze, 99% of the particles were accounted for by particles having a diameter of not more than 10 pm, the 
050 value was 2.3 pm, and the D90 value was 5.3 pm. 

[0192] Next, the mixed glaze was spray coated onto the same plate specimen as used In Example 01, followed 
55 by firing at 1 100 to 1200^0 to obtain a sample. 

[0193] The sample thus obtained was tested for alkali resistance. The glaze surface before the test was very 
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smooth and free from silica particles having a size of more than 10 pm. The glaze surface after the alkali resistance 
test remained substantially unchanged and was smooth, although a very small amount of cracked silica particles 
having a.sizej)f not mtye thaii.j04inmere present. 

[0194] tfe surface roughness- was Ra = 0.04 pm before the alkali resistance test, and Ra = 0.11 pm after the 
alkali resistance test. 

[0195] A tPilet bowl was prepared in the same manner as used in connection with the preparation of the sample 
^ described abov^fR?''*wlet bowl thus obtained was tested for the deposition of urine calculi. The Inside of the bowl 
was sprayed with a diluted solution of a bacterial plaque staining gel. As a result, a portion, which had drawn the 
diluted urine, and a portion, which had been immersed In the diluted urine, were lightly stained red. This depth of red 
was clearly snnaller than that of red in Comparative Example CI below, indicating that the amount of urine calculi 
deposited was smaller than that in Comparative Example CI. 

Example C6 

[0196] The material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a glaze. The particle diameter of the 
ball milled glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a result, 
it was found that 66% of the particles were accounted for by particles having a diameter of not more than 10 pm, the 
15 50% average particle diameter (D50) was 5.8 prn, and the 90% average particle diameter (D90) was 23.3 pm. 

[0197] Separately, a glaze material was provided which had the same composition as the material A for a glaze 
except that ZrO^ as the emulsifier, the pigment, the quartz sand as the raw material for silica particles, and the 
commercially available feldspar material were removed from the composition of the material A. This material (2 kg). 1 
kg of water, and 4 kg of alumina balls were placed In a ceramic pot having a volume of 6 liters, and the mixture was 
then ball milled for about 18 hr to obtain a transparent glaze. For the transparent glaze, 97% of the particles were 
accounted for by particles having a diameter of not more than 10 pm, the D50 value was 2.3 pm, and the D90 value 
was 5.0 \im. 

[0198] Further, separately, 400 g of quartz sand, 200 g of feldspar. 300 g of water, and 1.2 kg of alumina balls 
were placed in a ceramic pot having a volume of 6 liters, and the mixture was then ball nnilled for about 40 hr to obtain 
a silica slurry. For the silica slurry, 98% of the particles were accounted for by particles having a diameter of not 

25 more than 10 pm, the D50 value was 2.4 pm, and the D90 value was 5.5 pm. 

[0199] The transparent glaze and the silica slurry were mixed together In a weight ratio of 4 ; 6 to obtain a 
transparent mixed glaze. For the transparent mixed glaze, 98% of the particles were accounted for by particles having 
a diameter of not more than 10 pm, the D50 value was 2.4 pm, and the D90 value was 5.3 pm. 
[0200] Next, the glaze was spray coated onto the same plate specimen as used in Example C1, and the 
transparent mixed glaze was then spray coated thereon, followed by firing at 1 100 to 1200^C to obtain a sample. 

30 [0201] The sample thus obtained was tested for alkali resistance. The glaze surface before the test was very 
smooth and free from silica particles having a size of more than 10 pm. The glaze surface after the alkali resistance 
test remained substantially unchanged from the state before the test and was smooth, although a very small amount 
of cracked silica particles having a size of not more than 10 pm were present. 

[0202] The surface roughness was Ra = 0.04 pm before the alkali resistance test, and Ra = 0.05 pm after the 
35 alkali resistance test. 

[0203] A toilet bowl was prepared in the same manner as used in connection with the preparation of the sample 
described above. The toilet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayed with a diluted solution of a bacterial plaque staining gel. As a result, a portion, which had drawn the 
diluted urine, and a portion, which had been immersed in the diluted urine, were lightly stained red. This depth of red 
was cleariy smaller than that of red in Comparative Example C2 below, indicating that the amount of urine calculi 
40 deposited was smaller than that in Comparative Example C2. 

Example C7 

[0204] The material A lor a glaze was melted at 1400 to 1550°C in an electric furnace, and the melt was then 
quenched in water to obtain a glass frit The glass frit was then stamp milled. The powder thus obtained (250 g), 170 g 
of water, and 1 kg of balls were placed In a ceramic pot having a volume of 2 liters, and the mixture was then ball 
milled for about 18 hrto obtain a frit glaze. 

[0205] Separately, 2 kg of the material A for a glaze, 1 kg of water, and 4 kg of alumina balls were placed in a 
ceramic pot having a volume of 6 liters, and the mixture was then ball milled for about 36 hrto obtain a milled glaze. 
For the milled glaze, 90% of the particles were accounted for by particles having a diameter of not more than 10 pm, 
the D50 value was 3.3 pm, and the D90 value was 9.9 pm. 

[0206] The frit glaze and the milled glaze were mbced together in a weight ratio of 8 : 2 to obtain a mixed glaze. 
For the mixed glaze, 76% of the particles were accounted for by particles having a diameter of not more than 10 pm, 
the D50 value was 4.0 pm, and the D90 value was 15.9 pm. 

[0207] Next, the mixed glaze was spray coated onto the same plate specimen as used in Example C1, followed 
by firing at 1 100 to 1200°C to obtain a sample. 
55 [0208] The sample thus obtained was tested for alkali resistance. The glaze surface before the test was very 
snx}oth and free from silica particles having a size of more than 10 pm. As compared with the sample prepared in 



Comparative ExamplB CI below, the glaze surface before the test was smaller in the number and size of silica 
particles. The glaze surface after the alkali resistance test was small in the number of cracks created around silica 
particles, rengained sul^tantiqlly unchanged from the glaze surface before the test, and was smooth. 
[0209] tfe surface roughness was Ra = 0.05 jjm before the alkali resistance test, and Ra = 0.10 pm after the 
alkali resistance test 

[0210] A tpilet bowl was prepared in the same manner as used in connection with the preparation of the sample 
described abov^TfRJltottet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayed with a diluted solution of a bacterial plaque staining gel. As a result, a portion, which had drawn the 
diluted urine, and a portion, which had been immersed in the diluted urine, were lightly stained red. This depth of red 
was clearly smaller than that of red in Comparative Example C1 below, indicating that the amount of urine calculi 
deposited was smaller than that in Comparative Example CI. 

Example C8 

[0211] The material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a glaze. The particle diameter of the 
glaze obtained after the ball milling was measured with a laser diffraction particle size distribution analyzer. As a 
result, it was found that 65% of the particles were accounted for by particles having a diameter of not more than 10 
pm, the 50% average particle diameter (D50) was 5.8 pm. and the 90% average particle diameter (D90) was 
23.3 |jm. 

[0212] Separately, a glaze material for a glaze was provided which had the same composition as the material A 
for a glaze except that ZrOj as the emulsifler and the pigment were rerrxjved from the composition of the material A. 
This material was melted at 1400 to ISSOX in an electric furnace, and the melt was then quenched in water to obtain 
a glass frit. The glass frit was then stamp milled. The powder thus obtained (1.6 kg). 0.4 kg of material for a glaze 
having the same composition as the material A for a glaze except that ZrO^ as the emulsifier and the pigment were 
removed from the composition of the material A, 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 liters, and the mixture was then ball milled for about 36 hrto obtain a transparent mixed glaze. 
[0213] Next, the glaze was spray coated onto the same plate specimen as used in Example C1, and the 
transparent mixed glaze was spray coated thereon, followed by firing at 1 100 to 1200°C to obtain a sample. 
[0214] The sample thus obtained was tested for alkali resistance. The glaze surface before the test was very 
snrK)oth and free from silica particles having a size of more than 10 pm. As compared with the sample prepared in 
Comparative Example C2 below, the glaze surface before the test was smaller in the number and size of silica 
particles. The glaze surface after the alkali resistance test was small in the number of cracks created around silica 
particles, remained substantially unchanged from the glaze surface before the test, and was smooth. 
[0215] The surface roughness was Ra = 0.04 pm before the alkali resistance test, and Ra = 0.06 pm after the 
alkali resistance test. 

[0216] A toilet bowl was prepared in the same manner as used in connection with the preparation of the sample 
described above. The toilet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayed with a diluted solution of a bacterial plaque staining gel. As a result, a portion, which had drawn the 
diluted urine, and a portion, which had been immersed in the diluted urine, were lightly stained red. This depth of red 
was clearly smaller than that of red in Coniparative Example C2 below, indicating that the amount of urine calculi 
deposited was smaller than that in Comparative Example C2. 

Comparative Example CI 

[0217] The material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
40 volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a glaze. The particle diameter of the 
glaze obtained after the ball milling was measured with a laser diffraction particle size distribution analyzer. As a 
result, it was found that 65% of the particles were accounted for by particles having a diameter of not more than 10 
pm, the 50% average particle diameter (D50) was 5.8 pnn, and the 90% average particle diameter (D90) was 23.3 
pm. 

[0218] Separately, 1.2 kg of quartz sand incorporated as an SiO^ source into the material A for a glaze and 0.8 
45 kg of a commercially available feldspar material, together with 1 kg of water and 4 kg of balls, were placed in a 
ceramic pot having a volume of 6 liters, and the mixture was then ball milled for about 18 hr. For the ball milled 
product, the D50 value was 9.3 pm. This suggests that the quartz sand and the commercially available feldspar 
material in the glaze have been milled to a D50 value around 10 pm. 

[0219] Next, the glaze was spray coated onto the same plate specimen as used in Example CI, followed by firing 

at 1 100 to 1200X to obtain a sample. 
^ [0220] The sample thus obtained was tested for alkali resistance. The glaze surface before the test and the glaze 

surface after the test were observed under a scanning electron microscope (SEM; S-800, manufactured by Hitachi, 

Ltd.). The glaze surface before the alkali resistance test had concaves due to the presence of a large number of silica 

particles. For the glaze surface after the alkali resistance test, cracks were created around the silica particles, and 

there were dropouts of the silica particles, resulting in increased size of irregularities. 
55 [0221] The surface roughness was Ra = 0.10 pm before the alkali resistance test, and Ra = 0.25 pm after the 

alkali resistance test. 
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[0222] A toilet bowl was prepared in the same manner as used in connection with the preparation of the sample 
described above. The toilet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayeckwith a di|jted solutton-of-a bacterial plague staining gel. As a result, a portion, which had drawn the 
diluted urine, a~nd a portion, which had been immersed in the diluted urine, within the bowl were deeply stained red, 
indicating that a large amount of urine calculi was deposited. 

Comparativ e Exgftjp»C2. 

[0223] The material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 (iters, and the mixture was then ball milled for about 18 hr to obtain a glaze. The particle diameter of the 
glaze obtained after the ball milling was measured with a laser diffraction particle size distribution analyzer As a 
result, it was found that 65% of the particles were accounted for by particles having a diameter of not more than 10 
pm, the 50% average particle diameter (D50) was 5.8 pm, and the 90% average particle diameter (D90) was 23.3 
pm. 

[0224] Separately, a material was provided which had the same composition as the material A for a glaze except 
that Zr02 as the emulsifier and the pigment were removed from the composition of the material A. This material (2 kg), 
1 kg of water, and 4 kg of balls were placed in a ceramic pot having a volume of 6 liters, and the mixture was then ball 
milled for about 18 hr to obtain a transparent glaze. For the transparent glaze, 63% of the particles were accounted for 
by particles having a diameter of not more than 10 pm, the D50 value was 6.0 pm, and the D90 value was 25.4 pm. 
[0225] Next, the glaze was spray coated onto the same plate specimen as used in Example C1, and the 
transparent glaze was then spray coated thereon, followed by firing at 1 100 to 1200'C to obtain a sample. 
[0226] The sample thus obtained was tested for alkali resistance. An SEM photograph of the glaze surface before 
the test and an SEM photograph of the glaze surface after the test are shown in Figs. 16 and 17, respectively. As can 
be seen from these photographs, the glaze surface before the alkali resistance test had concaves attributable to the 
presence of a large number of silica particles (deeply dark portion). For the glaze surface after the alkali resistance 
test, cracks were created around the silica particles, and there were dropouts of the silica particles, resulting in 
increased size of irregularities. 

[0227] The surface roughness was Ra = 0.08 pm before the alkali resistance test, and Ra = 0.10 pm after the 
alkali resistance test. 

[0228] A toilet bowl was prepared in the same nnanner as used in connection with the preparation of the sample 
described above. The toilet bowl thus obtained was tested for the deposition of urine calculi. The inside of the bowl 
was sprayed with a diluted solution of a bacterial plaque staining gel. As a result, a portion, which had drawn the 
diluted urine, and a portion, which had been immersed in the diluted urine, within the bowl were deeply stained red, 
indicating that a large amount of urine calculi was deposited. 

Example D 

Examples D1 to D6 and Comparative Examples D1 to D5 

[0229] The nnaterial A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 liters, and the mixture was then ball milled for about 18 hr to obtain a color glaze. The particle diameter 
of the color glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a result, 
it was found that 65% of the particles were accounted for by particles having a diameter of not more than 10 pm and 
the 50% average particle diameter (D50) was 5.8 pm. 

[0230] Separately, a material for a glaze was provided which had the same composition as the material A for a 
glaze except that Zr02 as the emulsifier and the pigment were removed from the composition of the material A. This 
material was melted at 1300 to 1500^C in an electric furnace, and the melt was then quenched in water to obtain a 
glass frit. A material for a glaze having the same composition as the material A for a glaze except that ZrO j as the 
emulsifier and the pigment were removed from the compositnn of the material A, the frit glaze, water, and balls were 
placed in a ceramic pot, and the mixture was ball milted until 64 ± 2% of the particles were accounted for by particles 
having a diameter of not more than 10 pm. Thus, a transparent mixed glaze was obtained. The mixing ratio of the 
material for a glaze to the frit glaze in the transparent mixed glaze were as Indicated in the following table. 
[0231] Next, a plate specimen having a size of 70 x 150 mm was prepared using a slurry for a sanitary ware body 
obtained using quartz sand, feldspar, clay and the like as raw materials. The color glaze was spray coated onto the 
plate specimen, and the transparent mixed glaze was spray coated thereon, followed by firing at 1100 to 1200''C to 
obtain a sample. 

[0232] The samples thus obtained were tested for alkali resistance in the same manner as in Example C. The 
surface of the glaze layer before the alkali resistance test in Example D4 (glaze material : frit glaze = 20 : 80) is 
shown in Fig. 22. The surface free from the emulsifier and substantially free from silica particles was much snraother 
than the surface of the glaze layer before the alkali resistance test in Comparative Example D6 described below. For 
the other samples, the higher the proportion of the frit glaze, the lower the amount of silica particles and the 
smoother the surface. The surface of the glaze layer after the alkali resistance test in Example D4 is shown in Fig. 23. 
As can be seen from Fig. 23, the surface had no irregularities attributable to dropouts of silica particles, and 
remained smooth. For the other samples, the higher the proportion of the frit glaze, the smaller the number of cracks 
created around the silica particles and the better the smoothness. 



[0233] For the samples, the surface roughness Ra was as shown in the following table. 

[0234] Further, for the samples, the glossiness of the surface before and after the alkali resistance test was 
measured a gtoA metef (GM-obO, nianufactured by Minolta) to determine gloss retention defined by the 
following equation: 

Gloss retention (%) = ("glossiness after alkali resistance test"/"glossiness before alkali resistance test') x 100 
[0235] The results are summarized in the following table. 

[0236] Toilet bowls were prepared in the same manner as described above in connection with the preparation of 
the samples. The toilet bowls thus obtained were tested for the deposition of urine calculi in the same manner as in 
Example C. The results were as shown in the following table. In the table, ^^ represents that the amount of urine 
calculi deposited was much smaller than that in Comparative Example D6 described below; X represents that the 
amount of urine calculi deposited was relatively large although the amount was smaller than that in Comparative 
Example D6 described below; and - represents ttiat the test was not carried out. 
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91.4 
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0.054 


0.098 
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0.057 
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0.037 


100 
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0.137 
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0.090 


0.147 


81.6 
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0.088 


0.139 


82.0 
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70 


30 


0.083 


0.135 


82.9 


- 


Comp. Ex.DS 


60 


40 


0.079 


0.129 


85.8 


X ' 



Comparative Exa mple 0 6 

[0237] The material A for a glaze (2 kg), 1 kg of water, and 4 kg of balls were placed in a ceramic pot having a 
volume of 6 liters, and the mixture was then ball milled for about 18 hrto obtain a glaze. The particle diameter of the 
color glaze thus obtained was measured with a laser diffraction particle size distribution analyzer. As a result, it was 
found that 65% of the particles were accounted for by particles having a diameter of not more than 10 pm and the 
50% average particle diameter (D50) was 5.8 pm. 

[0238] Next, the glaze was spray coated onto the plate specimen as used in Example D, followed by firing at 1 100 
to 1200''C to obtain a sample. 

[0239] The sample thus obtained was tested for alkali resistance. A scanning microphotograph of the glaze 
surface before the test is shown in Fig. 20. As can be seen from the microphotograph, the emulsifier (white portion) 
and the silica particles (deeply dart< portion) were present and constituted irregularities. A scanning microphotograph 
of the glaze surface after the test is shown in Fig. 21 . As can be seen from the microphotograph, cracks were created 
around the silica particles, and there were dropouts of the silica particles, resulting in increased size of irregularities. 
[0240] For the sample, the surface roughness was Ra = 0.10 pm before the alkali resistance test, and Ra 0.25 
pm after the alkali resistance test. 

[0241] The glossiness was measured in the same manner as in Example D. As a result, the glossiness after the 
test was less than 50% of the glossiness before the test, that is, the gloss retention was 43.2%. 
[0242] Further, a urine calculi deposition test was carried out in the same manner as in Examples D1 to D6. As a 
result, a large amount of urine calculi was deposited, and the urine calculi could not be removed by mnning water. 

Claims 

1. A sanitary ware comprising: a sanitary ware body; and a surface glaze layer provided on the sanitary ware body, 
the surtiace glaze layer having a center line average roughness Ra of less than 0.07 pm as measured with a stylus 
type surface roughness tester according to J IS B 0651-1996. 



2. The sanitary ware according to claim 1 , wherein Ra is not more than 0.05 pm. 

3. The san'feHry waretccordTng tc«laim 1 , wherein Ra is not more than 0, 03 pm. 

4. The sanitary ware according to any one of claims 1 to 3, wherein the surface glaze layer is absent on a part of the 
surface theteatfrv*^. 

5. The sanitary ware according to any one of claims 1 to 4, which further comprises a glaze layer or layers between 

the sanitary ware body and the surface glaze layer. 

6. The sanitary ware according to any one of claims 1 to 4, wherein a color glaze layer or layers are provided 
between the sanitary ware body and the surface glaze layer and the surface glaze layer is transparent. 

7. The sanitary ware according to claim 5 or 6, wherein the surface glaze layer is absent on a part of the surface 
thereof. 

8. The sanitary ware according to any one of claims 1 to 7, wherein the surface glaze layer has a contact angle with 

water of less than 30'. 

9. The sanitary ware according to claim 8, wherein the contact angle of the surface glaze layer with water is not 
more than 25*. 

10. The sanitary ware according to claim 8, wherein the contact angle of the surface glaze layer with water is not 

more than 20'. 

11. The sanitary ware according to any one of claims 1 to 10, which is a strainer for urinals, a toilet, a urinal, a 
flush tank for toilets or urinals, a washbowl in a washstand, or a wash hand basin. 

12. The sanitary ware according to any one of claims 1 to 11, which is a toilet or a urinal, said surface glaze layer 
being provided at least on the surface of a bowl of the toilet or the urinal, said surface glaze layer being absent 
on a part of the surface of the toilet or the urinal. 

13. A process for producing a sanitary ware according to any one of claims 1 to 12, said process comprising the 
steps of: 

applying a particulate glaze material having a 50% particle diameter of not more than 1.5 pm onto a sanitary 
ware body to form a precursor layer for the surface glaze layer; and 

firing the sanitary ware body with the precursor layer provided thereon. 



14. A process for producing a sanitary ware according to any one of claims 1 to 12, said process comprising the 
steps of: 

applying an amorphous glaze material onto a sanitary ware body to form a precursor layer for the surface 
glaze layer; and 

firing the sanitary ware body with the precursor layer provided thereon. 



15. The process according to claim 14, wherein the amorphous glaze material is a vitrified frit glaze material. 

16. A process for producing a sanitary ware according to any one of claims 1 to 12, said process comprising the 
steps of: 

applying a mixed glaze comprised of an amorphus glaze material and a non-frit glaze material onto a 
sanitary ware body to form a precursor layer for the surface glaze layer; and 

firing the sanitary ware body with the precursor layer provided thereon. 



17. The process according to claim 16, wherein the anrrarphous glaze meterial is a vitrified frit glaze material. 

18. The process according to claim 16 or 17, wherein the non-frit glaze material has been subjected to size 
reduction. 



19. A process for producing a sanitary ware according to any one of claims 1 to 12, said process comprising the 
steps of: =5v:i f — I 

applying a colorant-containing glaze material onto a sanitary ware body to form a precursor layer for a color 
glaze *ay[e(^^ 

applying a glaze material, capable of forming a transparent surface glaze layer, onto the precursor layer to 
form a precursor layer for the surface glaze layer; 

firing the sanitary ware body with the precursor layers provided thereon. 



20. The process according to claim 19, wherein the glaze material capable of forming a transparent surface glaze 
layer is a particulate glaze having a 50% particle diameter of not more than 1.5 pm. 

21. The process according to claim 19, wherein the glaze material capable of forming a transparent surface glaze 
layer is an amorphous glaze material. 

22. The process according to claim 21, wherein the amorphous glaze material is a vitrified frit glaze material. 

23. The process according to claim 17. wherein the glaze material capable of forming a transparent surface glaze 
layer is a mixed glaze comprised of an amorphous glaze material and a non-frit glaze material. 

24. The process according to claim 23, wherein the amorphous glaze material Is a vitrified frit glaze material. 

25. A sanitary ware produced by the process according to any one of claims 1 3 to 24. 

26. A sanitary ware comprising: a sanitary ware body; and a surface glaze layer provided on the sanitary ware body, 
the surface glaze layer having a kurtosis Rku of less than 2.70. 

27. The sanitary ware according to claim 26, wherein the kurtosis Rku is not more than 2.60. 

28. The sanitary ware according to claim 26, wherein the kurtosis Rku is not more than 2.50. 

29. The sanitary ware according to any one of claims 26 to 28, which further comprises a glaze layer or layers 
between the sanitary ware body and the surface glaze layer. 

30. The sanitary ware according to any one of claims 26 to 28, wherein a color glaze layer or layers are provided 
between the sanitary ware body and the surface glaze layer and the surface glaze layer is transparent. 

31. The sanitary ware according to any one of claims 26 to 30, which is a strainer for urinals, a toilet, a urinal, a 
flush tank for toilets or urinals, a washbowl in a washstand, or a wash hand basin. 

32. A process for producing a sanitary ware according to any one of claims 26 to 31. said process comprising the 
steps of: 

applying a particulate glaze material having a 50% particle diameter of not more than 1.5 pm onto a sanitary 
ware body to form a precursor layer for the surface glaze layer; and 

firing the sanitary ware body with the precursor layer provided thereon. 

33. A process for producing a sanitary ware according to any one of claims 26 to 31, said process comprising the 
steps of: 

applying an amorphous glaze material onto a sanitary ware body to form a precursor layer for the surface 
glaze layer, and 

firing the sanitary ware body with the precursor layer provided thereon. 



34. The process according to claim 33, wherein the amorphous glaze material is a vitrified firit glaze material. 

35. A process for producing a sanitary ware according to any one of claims 26 to 31, said process comprising the 
steps of: 



applying a mixed glaze comprised of an anx>rphous glaze material and a non-frit glaze material onto a 
san^acy ware ^dy toiorFFva-preGursor layer for the surface glaze layer, and 

firing the sanitary ware body with the precursor layer provided thereon. 

36. The process according to claim 35, wherein the amorphous glaze material is a vitrified frit glaze material. 

37. The process according to claim 35 or 36, wherein the non-frit glaze material has been subjected to size 
reduction. 

38. A process for producing a sanitary ware according to any one of claims 26 to 31, said process comprising the 
steps of: 

applying a colorant-containing glaze material onto a sanitary ware body to form a precursor layer for a color 
glaze layer. 

applying a glaze material, capable of fomriing a transparent surface glaze layer, onto the precursor layer to 
form a precursor layer for the surface glaze layer; and 

firing the sanitary ware body with the precursor layers provided thereon. 



39. The process according to claim 38, wherein the glaze material capable of forming a transparent surface glaze 
layer is a particulate glaze having a 50% particle diameter of not more than 1.5 pm. 

40. The process according to claim 38, wherein the glaze material capable of forming a transparent surface glaze 
layer is an amorphous glaze material. 

41 . The process according to claim 40, wherein the anrrarphous glaze material is a vitrified frit glaze material. 

42. The process according to claim 38, wherein the glaze material capable of forming a transparent surface glaze 
layer is a mixed glaze comprised of an amorphous glaze material and a non-frit glaze material. 

43. The process according to claim 42. wherein the amorphous glaze material is a vitrified frit glaze material. 

44. A sanitary ware produced by the process according to any one of claims 32 to 43. 

45. A sanitary ware comprising: a sanitary ware body; and a surface glaze layer provided on the sanitary ware body, 
the surface of the surface glaze layer consisting essentially of a vitreous component and, in addition, being free 
from silica particles having a particle diameter of not less than 10 pm. 

46. The sanitary ware according to claim 45, wherein the whole surface glaze layer consists essentially of a vitreous 
component. 

47. The sanitary ware according to claim 45 or 46, wherein the surface glaze layer is free from a pigment. 

48. The sanitary ware according to claim 42 or 46, wherein the surface glaze layer contains a pigment 

49. The sanitary ware according to any one of claims 45 to 48. wherein the surface glaze layer is absent on a part of 
the surface thereof. 

50. The sanitary ware according to any one of claims 45 to 49, which further comprises a glaze layer or layers 
between the sanitary ware body and the surface glaze layer. 

51. The sanitary ware according to any one of claims 45 to 49, wherein a color glaze layer or layers are provided 
between the sanitary ware body and the surface glaze layer and the surface glaze layer is transparent. 

52. The sanitary ware according to any one of claims 45 to 51, wherein the surface glaze layer has a center line 
average roughness Ra of less than 0.07 |jm as measured with a stylus type surface roughness tester according to 
JISB 0651-1996. 

53. The sanitary ware according to claim 52, wherein Ra is not more than 0.05 pm. 

54. The sanitary ware according to claim 52, wherein Ra is not more than 0.03 pm. 



55. The sanitary ware according to any one of claims 45 to 54, which is a strainer for urinals, a toilet, a urinal, a 
flush tank for toilets or urinals , a was hbowl In a washstand, or a wash hand basin. 

i • ; . ._ 

56. A process for producing a sanitary ware according to any one of claims 45 to 55, said process comprising the 
steps of: 

applying an amorphous glaze onto a sanitary ware body to fonm a precursor layer for the surface glaze layer; 
and 

firing the sanitary ware body with the precursor layer provided thereon at a temperature of 1300^C or below. 



57. The process according to claim 56, wherein the amorphous glaze material is a vitrified frit glaze nfiaterial. 

58. A process for producing a sanitary ware according to any one of claims 45 to 55. said process comprising the 
steps of: 

applying a glaze material having a 90% particle diameter of not more than 20 \im or a glaze material having a 
50% particle diameter of not more than 5 \im onto a sanitary ware body to form a precursor layer for the 
surface glaze layer; and 

firing the sanitary ware body with the precursor layer provided thereon at a temperature of 1300'C or below. 



59. A process for producing a sanitary ware according to any one of claims 45 to 55, said process comprising the 
steps of: 

applying a mixed glaze comprised of silica particles having a 90% particle diameter of not more than 15 |jm or 
silica particles having a 50% particle diameter of not more than 5 pm and a glaze material free from silica 
particles onto a sanitary ware body to form a precursor layer for the surface glaze layer; and 

firing the sanitary ware body with the precursor layer provided thereon at a temperature of 1300X or below. 



60. A process for producing a sanitary ware according to any one of claims 45 to 55, said process comprising the 

steps of: 

applying a mixed glaze comprised of an amorphous glaze and a glaze material having a 90% particle diameter 
of not more than 20 pm or a glaze nnaterial having a 50% particle diameter of not more than 5 pm onto a 
sanitary ware body to form a precursor layer for the surface glaze layer; and 

firing the sanitary ware body with the precursor layer provided thereon at a temperature of 1300X or below. 



61. The process according to claim 60, wherein the amorphous glaze material is a vitrified frit glaze material. 

62. The process according to any one of claims 55 to 62, wherein, prior to the formation of the precursor layer for 
the sudiace glaze layer, a colorant-containing glaze material is applied onto the sanitary ware body to form a 
precursor for a color glaze layer, 

63. The process according to claim 62, wherein the surface glaze layer Is transparent 
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